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class-A headphone amp * bus board based ¥ 
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74193 7aUs299 40109 LINEAR LCs MEMORIES EPROMS. CRYSYALS __ INTERFACE ICS 
74194 74.8323 40110 AYI-0212 MFYOCN™ 2650p pf 2107-4. 

bbe 74195 7aL S324 40114 AY1-5050 MK50398 2102-2. Foot cia | Zook 

oaee 74196 7418348 40244 AY3-8910 ‘K50240 21078 2708 250p | 1MHz 

ie 74197 7418352 40248 AYa-8912 mLs20 21114 2716 250p | 1.008MHe 

7404 74198 74L$353 ] ae ‘AY5-4007D MM57 160 2112 2532 375p | 1.843MHz 

ue 74199 7418363 aoe cagois NES31 2irat 2732 450p | 1 gomez 

Ebb 74221 74L $364 Pee CA3028A NESS INSBO6O 21n4l-2 2716 3000S 500 | 9 omH, 

7407 74251 TALS365A soe CA3046 NES5S6 80804 2147 2732 300nS | "750p | > as7MHe 

Sate 74259 7ALS367A pH CA30B0E NES64 085A 4027 ond staal bee tivis 

34 74265 74LS368A, Pe CA3086 NES6S 8088 4116L-2 i“ aareeeMiie 

aio 74278 74.8373 seit CA3089E NES66 280 4118 MODULATORS — PRET 

7any 74279 7aL$374 pan CA309000 NES67 280A 4164 BMH UNF qieMit 

care 74283 74LS375 ai. CA3130€ NES71 2808 4816AP-3 MHz UHF aagMHe 

oaig 74284 748377 ee CA3140€ NES534A TMS995 5101L sioosMiie 

7414 74285 748378 rae CA3160E RC4136 BONE 

7416 ren meee 4519 cage Beal 3242 8 AY-S-1013P 7.0MHz 

7417 4520 SAA1900 6522 AY-5-1015P- 8.0MHz 

ais 74298 74L$399 aoe CA3189E 6532 ime4o2 8.867MHz 

te 743650 7aLsaas peal DAC1408-8 SAD10240 6551 TR1602 10.7MHz 

aap 74366 748540 ae HAI388 Srrocies 6821 COM 8017 15.0MHe 

oS 743670 7a $541 pet IcL7106 si 6850 Ao yemMH 

7425 seg TAEsei0. 4531 crews SPa5i5 6852 748201 CRT 5027 24,00 MHz 

Ja08 74390 74LS640 bre LF351 205 peat ie 75451/2 

7027 7ase9 wal eee 4534 eed Lyfe 8212 43387 pau 27.145MH oat 

5428 74490 7ALS642 re L10c TAASSO 8216 74338 CRT 6545 5 

7430 7aL 8643 as LM301A TAAG21 Hi 7asaro Mc6845 KEYBOARD 

ed EE 7415644 he tm3to TBAG41BX1 He cecil mc6e47 ENCODER 

vase 74800 11p | 7418658 ase man TeAg0O ae SFF96364 ‘AY-5-2376 700 

7437 7atgo2 1p} 74LS669 be U3ig He 74C922N420p 

7438 74803 tap | 74LS670 4853 Leste ued 8255 TELETEXT 

7039 7aLsoa 4p | 74. S682 4555 bested 7C9109 8257 DECODER 

ae Jatsos tap | 7448687 peal Lisae TCAZ10 269 7M$9929 SAABO20 6 | 2Na26E-8 


8271 
822 SAAS030 «£9 
74420 74809 tap 4560 Lease eae 8279 CHARACTER GEN. PYVUOTMEEEESTS ENpertaed 


7483 7atS10 1p 4566 280P10 BAUD RA Sane: ae 
Pee I crm Md (CORI TS ccnencrn CEES ore 
ue 7as12 8 ee teen | aoe L386 TDA1008 zBocre COMB116 —700p | SN74S262AN £10] EF9341 700p 
7aa6a 7ausis — 20p | 74C373 1460p | 4o72 bed TDAIOIO 290810 2/3 9} Meraat __675p 

aaa mer | CE Lm3ee TOA1022 LOW PROFILE DiL SOCKETS BY TEXAS WIDE WIRAP SOCKETS BUTEXAS 
v6 yatszo 13 ARENT 84 L393 TOA1024 pin 9p Tepin Top 24pin— 24p Spin 3p 1Bpin SOP 24 pin 
74to matsag ie 4586 LMasacH TDA10348 Tapin top 20pin 8p 2pin 2p 14pin 35p 20pin 6Op 28pin 
ae visey use — M709 TOA1170 16pin 1p 22pin 22p 40pin —_30p 16pin 40p 2pin 65p 40pin 
7454 74830 13p 40014 aoe Tey ‘JUMPER LEADS EURO CONNECTORS: 
2480 zatesa 1 40008 M733 TLO71/81 24" Ribbon cable with DIP Headers 
7470 7at833 40097 Plug 

7 uw7a1 TLo72/e2 T4pin 16pin 24pin 40 pin — 

7472 74.837 14411 asics La” RO ae ae DIN 41612 2 « 32-way 300p 
ras ratsee vasa tna Singletnd 1459 165 240 380 | ey 2 Szmay 380 
7474 74842 14433 1100p | L748 De RIbbonceOeWahemakaiee me angled 3. 32-way 400p 
7475 7aLsa7 14495 -300p | LM1886 20pin 26pin 34 pin _40pin lor 2 # 92 way apecity'a'+ bore + ¢) 
7476 74L881 14500 §75p | L899 Single End 160p 210 270 340 DIN 41617 31-way 200p 
7480 7aL885 14599 agop | LM2907 ; BoubleEnd 290 388 490p640p MIN:D CONNECTORS 
ra 7.873 Gozzia0 asap | LMsane Gove end amen ate an IN COREL TOS 
Lee eee 022101 700P | iygon1 ULN2003 20 way 34way 40 woy 50way wy RB 
ue rare I ee) L914 XR2206 Single End 275 525p. 600p  650p MALE 

raga rare counters EA Inne Frit 8 wer Bonnet solder 5p. gp 20 
7495 7aLse3 74C925~ 400 | 5143916 2Na19C Female 540p angled 160p 230p 265p 


7486 74LS85 7aca28_—_600p | 1113600 ZNA24E IDC CONNECTORS FEMALE 


ve 
74107 718124 Sv 7805. 40p 7905 8C109/¢ BCSS8C 6p MPFIO2 gop 2N2905A 25p 


LOGIC PROBE KIT £12 


7489 74 S86 
7490A 74LS90 1CM7216B 2000p | g3712 2N426E 10 way 20 way 26 way 34 way 40 way solder 125p 190p 245 
0 1cM7217A 850p | mciai0P 2N426E 
7491 7a. $92 MKE0398N 750p ; Snare Header angled 175p 2240p -310p 
74920 74 S93 ZNI040E g70n | MGta88 Plug 90p 150p 200p 240p 270p hood (top/ 
74934, 74896 p | Mcr495t Nae Recep: side entry) 100p 100p-—100p 
7494 74S 107 eater SNIOR0E tacle 90p 165p 200p 240p 270p 26 way Centronix Type Conn, 
5 " ‘dge 
74958 74LS109 O16 P Niger Edge 37 way Centronix Type conn, 
7496 patsive e231 gon, | MCBA01 ZNA234 859 | Conn, 200p _250p 320 _380p S60p 
7497 74LS113 m3 N2215A 25p' 
VOLTAGE REGULATORS. BCsABC9p_—M2955 _90p KEYBOARD EXPERIMENTOR 
74100 7aLs114 2N2222A 25p 
7404 748122 POLE ese 1228 Jacro7/e eae NINES SWITCHES BREADBOARDS 
74105 7418123 1A ve 8108/9 BC558B 12p MJE3055 7op 2N2646. 45PT ca cwitch — 50p Exp 300 
9 1 bv 7808 40p 7906 Fi 2N3053 2p} Digitast 75p Exp 32 
raise 308 | zat st204 By 7808. Aop 7008 ; BCY7N/2 2p MPFIO3/4 SOP 2Aape4 Sep | Mini Digitast 78 Exp 350 
74111 74132 ie Pele ieee ele BD132 © 40p-~MPSAI2 30p 2N3055 38p] Specify Colour Exp 600 
alta rete 18v 7818 op. 7918 BD1a§ §—40p TiP2BC 400 FN g “top 
74116 74LS136 * C 80136 Pp TIP31B 40p rs IDITY SENSOR: 
ath rete ay tet fy tt Blea 18 Boi, Me Wale ib NUON] goo 
70119 748139 100mA +ve —-TO-92 Bc183/L 802418 75p TIP3ZA/C 75 FN3Bi9 20p 0 
74120 7aLS145 by 78L05 30p 79L05 BC1B4/L 802428 75P Tipa2c  50P 513899 4dp| MINI ORGANIC SAA1900 £16.00 
74121 7ats147 Yav__ 78L12 30p 79L12 Bc2t2/L BF244B 28? ies3¢ 70 © 2N3eG5 Sop 
74122 7418148 15v 78L15 50p 79115 BC213/L Paty gop TIP3SC $60 2N3904/6 16p| VERO BOARD VeroWiringPen £3.40 
7av29 7aLsisy OTHER REGULATORS Heth BF269 agp TiPSEC see 2N4871" dp] (COPPER CLAD) Wire Wrapping Too! €4.70 
me vireiee LM309K 140p BC337 8F337 30> TipazA © 60p SNeasrva son] 25. * © 9p —Veropins (100/pkt) Op. 
6 \M317T ——-200p_ 7aMGT2C BC338 Bee: 25P Tiparc Gop sNeqeg > 39h] 2.5% 3.75" BOP Spot facocuttor £1.30 
74128 74LS165 LM323k 450p 79GUIC BC477 BEYS0/61 24p br | MICRO BOARD 
74132 74LS186 M723 30p 79HGKC Beeiar? BEY? 24p TIA? —-90P-2NG027__30p Pin Insertion Tool £1.80 
74136 74t$157 78GUIC 200p 78PO5 BCs47B BFY90 _75p TIPS4 160p 3N128  120p} Single Eurocard £3.80 
74LS158 78HOS 550p RC4195NB MJ2501 225p TIP2955 60p 3N140/1 120P] Double Eurocard £6.25 
yale 74LS 160A 78HGKC Go0p Taga Transistors for all Elektor TIP3055 60p 40673 75p 
74143 TALSI61A projects stocked. 2N2160 295p _40871/2 100p, 
74144 74LS162A OPTO-ELECTRONICS DIODES BRIDGES SCRS TRIACS 
74145, 74LS 163A, 2N5777 40p ORP6O BY127 12p| 1A50V)  19p | 1A50V 70p | Plastic 
7aia7 74S164 ocr7t 250p ORPG1 Aa? — 9p} 1100 20p| SAdooV Sop | 3A400V Gop | ELEKTERMINAL KIT £50 + 70p p&p 
74148 7ALS 165A ORP12 ‘90p TIL78 OA90 9p | IAGOOV 30p| BAGOOV 140p | GA4OOV 70p 
74150 TALS 166A, THL32 55p OA91 9p} 2A50V 30p | 16A100V200p | GASOOV 90p HOUSEKEEPER 
741514 748170 OPTO-ISOLATORS OA9S 9 | 2A100V 35p | C106D 45p | BA400V 75p 
74153 7ALS173A ILO74 130p TILT Gag00 te Eres Pg Mcniol ae ah BOOV 88e Full Kit as described in May Elektor 
24182 isine MCT6 4160p TILI2 Inga. "4p | aA100V ssp | aNGs2s 1360 | 16Acoov 1200 Sockets for all |.C.’s 2K Prog EPROM 
74185 MLSt76 MOC3020 1509 TIL113. IN4148 4p | 4A400V 100p | 2vaaaa t40p | 28000 130p £55 + £1p&p 
vate 7aL$190 NT a Tt IN4001/2. Sp] GASOV 89p | 2NS060/4 4op | 112060 S0p 
FatB 7atS191 — a Naooa/s SP | GAI0OY (00> Mmm TTT 112260 707 Power Supply 1:8A 8V 
ast yates Ti220 Red 3apTikz09 ned Retour ap | 820m) 160 | ook op AIS aa 
x z 
raise TALS 194A Tik228 Ye 18p Tikal Gr 1s920 ap] roasoov 200 | W_1p | 4176120 _80p PEERS 
ra va etee Rectangular LEDS (R, G, Y) UNM JUNIOR COMPUTER KIT £86 plus£1p &p 
74165 74.8197 DISPLAYS OSE AI] Junior Computer Extension Boards available 
74166 748221 OL 704 140p NSB5881 ‘GvOC 100R coil TE! :1£4 2,3&4£4.50ea & p/book 70; 
rar nasi peer ee et spor zA2sec | Ty Games extension boards avalable eee: 
74170 74.8241 OL 707 Gr 140p THL312/3. 20VAC £1.60 james 9 
4LS24: OL 747 Red 228p TIL321/2 ELEKTERMINALKIT £50 (plus £1 p & p) 
ue eireeae L747 Gr 2p TIL330 Y2v.DC 400A eail 
74173 7ats243 Phogsre” Heb Heweo spot 2a24voc | TELETEXTDECODERKIT £85 (plus £1 p & p) 
ue ee FND500 90p BARGRAPH 120vAC £1.60 | (Decoding Board and Keyboard Elektor Nov. 81) 
74176 TaLs24s FNDSO7 90p DRIVERS 12v0C | Reprint of Teletext articles £1.25 (plus large SAE) 
7177 7aLs24e MaNesso — a0cp onc8 ZAOR coll PROGRAMMED EPROMS 
MAN4640 200p 9370 SPOT 10A 24v OC 7 
74178 eed MAN6610 —-200p UDN6118 230v AC £2.25 | Junior Computer 2 x 2716 Intelekt Chess 
fier oe | cal aaa | oO 
74LS257 200R coil ‘ape Managemen lekterminal 
aes 7als250 * SPECIALOFFER * oPotsAzvoC | 2716 Prog. Management £82716 Disco Lights 
741858 7ALS259 ZEAE 25 | 82523 Interface £5 82523 Freq. Counter (IC 3C4) 
us ae ata aa an Aees PGES TSUNER 2716 Housekeeper £8 2716 Talking Dice 
r : i : 
74190 7418279 us ee gitar Buoy DE eal PCBs for most Elektor Projects available 


74191 74LS283 OSASPOT £2.25 SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 
74192 74LS293 BBC COMPUTER, PRINTERS etc. 


, I = 7 1 PLEASE ADD 40p p&p & 15% VAT 
E( XH NOM ATIC 7} Lr (Export: no VAT, p&p at Cost) 
MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED Orders from Government Depts. & Colleges etc. welcome. 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
(Tel: 01-452 1500, 01-450 6597. Telex: 922800) 
305 EDGWARE ROAD, LONDON W2 


Detailed Price List on request 
Stock items are normally by return of post 
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Prelude part 1........ RR ECA CREME Coes CREE CECE IES it 

The preamplifier of the Elektor XL system. A completely modular Meciati 
allowing the constructor to configure it according to the facilities required. 
The Prelude handles, controls, and distributes varying signal sources, and 
it is also suitable for equipping with a cordless remote control. 


VAM — video/audio modulator .......... 0.0 e eee eee eee 
The growth in the number of video enthusiasts has kept pace with that of 
computer ‘freaks’. The colour modulator presented here is driven from the 
RGB output of a personal computer, thereby keeping everyone happy. 


Main DEAE MMeMes ces «erases sretteas ees ahayel sigafeseliste « ciavevewsaye « 
Every motorist has been dazzled by oncoming vehicles that fail to dip their 
headlights, and the results can be dangerous. The culprit also has a prob- 
lem. If he suddenly dips his lights then his sight is affected by the new 
situation. An electronic solution has now been found: dimming/dipping in 
stages with the main beam dimmer. 


Prelude class A headphone amplifier .............00e ee eee 
In keeping with the XL system this article introduces an amplifier which 
delivers in class A a useful 160 mW per channel into 8 Q. It can be used 
separately or with any other control amplifier even though it was orig- 
inally intended as a part of the XL Prelude. 


USO TDFOLACtON is dat. caiteb ace saver iets avehabemteeit, oetenebeng- Mecase a uakts 
Where circuit breakers are utilised in place of mains fuses, it is quite com- 
mon for a variety of high powered appliances, when switched on, to cause 
them to trip. One way to get over this problem is by using a fuse protector. 


acoustic telephone Modem .........0 cee eee renee eaee 7 

A circuit designed to send and receive digital information via normal tele. 
phone lines. It enables the interconnection of two computers (or ter- 
minals) even though they are physically separated by large distances. The 
modem is compatible with an RS 232 interface and is acoustically coupled 
requiring no modification to your existing telephone receiver. 


COUDICNAICET. oie stew ceahe aleve, aierulal ole Aglare eles oue tattle gn ects 
Here we go; a non talking double dice, which, if nothing else, is self 
explanatory. It is not totally dumb however, showing the score on LED 
displays as either a single or a double dice. 


chips for digital audio part Il... ..... ec eee eee 
In last month’s article the source such as the compact disc was discussed 
in great detail. This time we discuss the distinct possibility that ‘Hi-Fi’ 
systems of the future will look more like microcomputers, and rather than 
talking about signal-to-noise ratio, we will mention software and so on. 


ADPHICACON: ses.asvny ges viarena aaimiatile, & Si PATON lerca Loe Kana a eae 
A good look at programmable universal filters with switched capacitors. 
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the XL control pre-amplifier with facifitie: 
class-A headphone amp * bus board ba: 
remote control option etc 


Over the next few months, 
we will be dedicating quite a 
few pages to the description 
of ‘Prelude’. Several of the 
modules used in this 
preamplifier are useful 
circuits in their own right: 
this month’s headphone 
amplifier is an example. 
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W A l F TRANSISTORS Mesaos 25 | z1x107/8 11| 2N3706/7. 10| 2SC1945 
Pee 2 anit 2 Buel 10] 2SC1963 90 | 
/ y Aci2s —-36| BCIB4L_ «10 | BFIQG/7_ 12, 21K 3710/11 10) 2SC1957 90 
33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND [RSH igmmeladietmmesd Fae Game ie tamed acer 18] 2nav7t yo) 2eczozs ‘ee | 
MAIL ORDER, CALLERS WELCOME Actaire Bl seria. 30 | 82244 1 Arsvee sere LANG Mal decors BS 
Fs) | 
Tel. Watford (0923) 40588, Telex: 8956095 Air Blac oles, Sl Mrsuss gl ena lie Bl isa 
fa 1N3820 KJ 
ALL DEVICES BRAND NEW. FULL SPEC. AND FULLY GUARANTEED. ORDERS | ACV!7/12 70] Beata 10 | BEZEGR | Mesuss eo] ZTxG26 30 | 2N3822/3 46 | OSS oe 
MS eae e ee ee a BUSINESS: CASH/CHEOUE/P.Os | ACYI0/20 78) sczarie a/arz57/0 2] Oca zea! 32 | 2N3e24 | een oO | 
OR BANKERS DRAFT WITH ORDER OR ACCESS. GOVERNMENT ‘AND | 4S¥21/22 75] cove 14 | BF259 Cas, 17O| Erras) «| 2NaW6 901 e228 | 
ISTITUTIONS’ OFFICIAL ORDERS ACCEPTED. TRADE BC308 16 | BF274_ 43) Oc36/41 21X501/2 Je, 4 
EXPORT ENQUIRY WELCOME. PGP ADD Sp TO ALL CASH ORDERS: MAO nam | Abtae tas] pozza: i8')Graaei7’ Sereray FB | zion” ja | ANsetS/e TET Zekas 
RS POSTAGE AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. movz rza] poust/o1 4 | BFSB4/5 30 Scaero Mo) Frxss) 3 [28097] 2ehag” aw 
(2N4037 
VAT exrersartes.e VAT, Apgteate Gantomere only, Unless vated otherwise, | AD161 42) Bcetar7 40 | BERAT/79 Bl ocr4r75 | ZTxS80 25 | 24041 ‘| 25085 25 
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pear Mandey Go Saturday: 8.00am to 8.00pm. Ample Free Car Parking apace available, arizar28 70] aceso/9 15 | BExS) QCH70/71 BO aoe 8] aNanee rey met 4 
2N422( 
FLECTROLYTIC CAPACITORS: (Values in uf] 00v; J0uF Bap, 47 Top: 63V. 0,47, 10,15,22,33,4.78p: | Aring 75 Se 4 Pe ice 9 eg 3Nt220 7a) 40313130 
$0 1097 18,22 129; 38 1p; 47 12p: 68 0p: 100 19p: 220 28p; 1000 70p; 2200 $9p; BOV: 68 2p: 100 i7p:220 | AFSS  F| BCV35 GOI BEVIB SO Ti29c 38] 2N1131/2 24) 2N4264 24] A318 
et RGV 6.8 196,22 Spe 3312p, 330, 470 32p: 1000 48p:.2200 90p: 25V: 1.5, 4.7. 10, 22,47 Bp; 1004p; | Rezo, yon | BCYS9/40 GG | BEYEO/SI 7 TWP30A 35] 2N1302_ | anaes 16] 40318 8B 
180 30 2p: 470 28; 680, 1000 34p; 1800 42p; 2200 SOp; 2200 Sdp; 3300 76p: 4700 S2p: | ASZ21 125 | BCva1/42 14 | BEYEZ 23) Tete BT autsoars oo inaia 78 fos” 
‘ BCY4s = 60 | BFY53 32 1478 
47, 68, 100 9p; 125 12p; 330 16p; 470 20p; 680 34p; 1000 27p: 1500 31p; 2200 36p; 4700 79p. BCI07B 12 | BCyee/se 96 | BFYSS/8 | 32 Tae Bl GNis08,” ee Hote Bee e 
TAG-END CAPACITORS: 64V: 2200 139p: 3300 198p; 4700 245p: 60V: 2200 110p: 3300 164p; 4ov: 4700 | BC1088 12 Bey7OIN Ae BET sae TIeSZA MU 2NIGIS. 38 | 2naaso y| 4034790 
TAS:SSP, £700 gop: 3800 80p: 4000, 4700 B8p: 10,000 320p; 15,000 9465p; 16V: 22,000 360p Bcioa —10| acre a4 |Brv90 ap Tac 2] 2NNGI0, 160 2Neo71 85) AO) “oo 
é 98 12 2N4i 
POLYESTER CAPACITORS: Avil Lead Type pce BOL Te BRN) SI TESS 7a Nee ae anasor tye] 40361/2 70 
 InF, 1n5, 2n2, 3n3, 4n7, 6n8 1p; 10n, 15n, 18h, 2 In, 15 2 2N4921 
HOM AF a8, Zoe a 3300 Ape 4782p; 680% uF ops 2ud tap. 680 | SIEMENS pcb Beriy/8 | eorai/s2 ‘Me [Bsx78 a6] Tipses vio | aNazI9n a8 | SNeTaE | ne 
To a eee ea TEA SaOT TI sab iaensops courant tur | Tepe, Mimewe | BENS Se) BDIss ZO) Gs¥25 Tip36A 110] 2N2Z19A 28) 2N5195/6 20] 40412, 80 
42p; 15 Mbp: 202 48; 4u7 eee 3 y poly Copacitors Bci37/9 a0 | Boiss ae asvaca as] Teses 128 | anaazia a5 | SNSTSE CN OP) 
$000V' tnF 7p: 1OnF 30p: 151 40p: 22n 96p; 33n A2p; 47n, 100n 42p. Bsov Betart9 2] BDIGE Ae SYREN. Ae] TWAGA 190) ZNZAZIA (2S 2Net72 8 | Ae) ee 
: : Ing. 15, 202, | BCI42/9 98) Borae/s9 40 |puzoe 190 TiegsC 140) 2NIZ22A EL 2Ns179 as | AOE 
POLYESTER RADIAL LEAD CAPACITORS: 250V FREDSTORGUGH | one en eee eee pi oe tatr ese Gums. ane TINMIG.  cmellaNzecs ras ae Oe ea 
Jon, 15h, 220, 27n 6p; 33n, 47n, 68n, 100n Jp; 180n, 220n| CAPACITORS 100 16n OTP | Berane, |g | DOTA 146 1a aoe ee el ettn a een ae | aN v1 J] 40871/2 90 
1a, Ne 22 27 eign iu Zap: lus dbp: 2u2 MB." | 1O00DF/¥E0V Bp | 33n,39n,47n Bp | BCI48B 10 | Bozo8/6 ie Bete ze ieaze a ae 3Ne306/8 90 
39n,56n 2p «| BCI4D 9 TIP120 70} 2N2476 60 | 2N5457 
TANTALUM BEAD CAPACITORS | POTENTIOMETERS: Rotary, Carbon,| 820,100n 1p | BCLAGC. 10 BO el Moeoe| toa Tieiat/2 73) antes INeIeo 30 
36V: 0.1UF, 0:22, 0:33 16p; 0:47, 0:68, | Track 0.25W Log & Lin values. t00v Borers 27 (Obes BI Miaor apel Tietat/2 108 | oNeeo’ oo | GNewES oe 
My oeebo 79,93 1Ope 47, 68 Zap: | SOON, 1K & ZKA (Linear only) Single} 100.120 1p | BCIB7/8 10'| Boaz © 8B MUZ9S 79 Tip147_ 120) 2N846 80 2N5777 46 | RE 
10 28p: 16V: 2.2, 3.3 16p: 4.7, 6.8, 10 | Gang. "Go| 1500, 180n 12p | BCID 11 | BOBI7_—_-7HTMJEI70. 160] TiP2955 —@0 | 2N2904/5 28) 2N5879 190 
1 ey oe Sin: 3b, 47 AOps 100 | SKMZMA Single Gang Log @ Lin 30p| 227.270 5p | BCIED 4B | BO KaSA 126) MJEIEO 180 Tipan6s | 2N2800/7 28] 2ngoz? sa | CHOKES 
Be 3 ah Sep: 100 | BKMZMA Single Gang D/P Switch 78p{| 330". 390n 2p | BCIB7A 10 | BOGaGEA 125) MJER4 GA Tis43_ 32] 2N2907A 28 | 25671 260 | Miniature 
® | BKA-2Mnt Double Gang 22] 4700 560n 28 | BCIGBC 10 | Boyse 100] MJEB70.—_ 100] TiS44/5 46] 2N2926G 10] 250715 60 | PCB 
MYLAR FILM GAPACITORS! 680r. Be | bciesc © 10 | BOYES eo eat 100| Tete ae | aNaoes «ae | 26495 78] tut 
MYTAREILM CAPACITORS «229, | SUDER POTENTIOMETERS WwFMp 202 80 | C170, BL oriis = a6 | MJE520 9 Tisa@_, 88 | 2N3093 28) 25496 70 Aur, tou, 220 
30n, 40n, 47n 7p: 5én, 100n, 200n 9p. og ard Ene BF154/8 25 )MJES21_ 96] TiseBA 2 1061 280) 33, 47u, 
z | SKN-500KN singlo gan 794 Bci73 80] 2N3055 48. | 28C1096 85 | 100, i 
OV: 47006 129. alo gang rn BRIG? -28/MJE2955 991 Tis 100%, 220 
10KN-500KN dual gan " 8C177/8 16 90/91 30] 2N3108 451 28C1162 90] 3304, “4704 
CERAMIC CAPACITORS 60V: Sell Stick Graduated Bozel Hs Bers [BES Moroz. Daj erate 5S) aNaae aee B8cui73 1a5| 820" 4700 
Range: 0-SpF to 10nF 4p. 15nF: 220F. | ACCESS Berar 0 | BEI, lMoriog SBI VNIlay 82) SNsayt yo a0 | Zoctsge 08/1 > 
33nF; 47nF Gp. 100nF/30V 7p. | PRESET POTENTIOMETERS. Orders BCIez/3 10 | See UIE Ios SL VNIOKM BE) aN at 2 toe | cociae, Huet 
200nF/6V 8p. 10.1W 500 SMM Miniature Justphene your | BC184~ 10] Brrgoy2 SB MPFI05 | 30|VNeear 0 2N3614/5 199] 2sciaag 05 | 40%, “TU 
| Vatical & Horizontal ap | otdars through, | BC182L_ 10 | geie4/5 © 3B] MPEIOG 40 VNBsAF 90] 23603 15 |25c1678 140| 20m, a3rm 
POLYSTYRENE CAPACITORS Vertical Honzonte oviz.targor tdp| Wado therest Bevest 10 | BELRAS %3)Mpgnos a5/VNBBAE 941 2N3702/3 10 | a8c1679 180 gatse roan. 
HOpF to Inf 8p: N5nF to 120F 10p |o.2eW 2001) 4.7Mil vort te Tol: 0923 60234 VNBSAF 96] 2N3704/5 10] 25¢1923 60] Toom 4 
SILVER MICA (Values in pF) col nr 7 _- — 
aa at G8 62, 10, 12, 15,18, ) RAM ‘oe 238 m See lect aealieniore ‘Jmc3403—— 75 [ TOA2002 6 | 74175 65 { S33 60 xs 
39 27, 33,39, 47, 50. 56, 68, 78, 82, FOR | 1702 sailiene 11(| 2204 1CM7556 MC3405 150 | TOA2004 496. 32| 74176 40] S138 118 90 
85, 100, 120, 150, 180pF16p each \eozce $226 0) ant ae | tases PACORES HO, TDA2020, 2 220 90 | 74177 6 | S189 115 a 
300. 240.260. 270, 400, 930, 360, | BBC | 2194C G00 °60 | 8243 OR pART eB. | tAsaa” MCADIG! 3.001 /-TDAZOS0 =n a6 90] 74178 90 | S187 250 2B 
390, 470,800, 800,820 2tpeach | MICRO | 21141 -200n 95 | 8250 eo | 280 DMA Wend \MFIO 350 | TOB0701 420 | 74179 80 | SIS8 210 % 
1000, 1200, 1800, 2200 30p 2rsal-2000 96 | 8790, $5 | Zao oan ew | tase 320 ieeeeesn reapaltotace 60 @o| jaiao 40 | S188 140 30 
3300, 4700pF @op och | 4B1BAP | 2532.450n 360 | 8253 foo | Z0PI0, 2e0 | C7130 ao | Lazs fe | eosace 6 6p ) rarer 8 | Stes Ae et 
TAINIATURETRIMMERE Gacaa jee 8°” | 8288 228 | ZBOAPIO. 275 | LC7120 300 | MSM5526 
momma, | lie, slime Blinks Ble Ser” elise sls gas s|ie B 3 
|0-B8pF 36p. 2716-61 ‘ F347 160 TLO72CP 45 
2732-4500 350 | 8259 74186 470 | $226 610 ion 
. 2164 90 | 8271 S| LINEAR ICe | te3e3 eRe, | TEGZACN 108 74188 280 | S211 300 70 
RESISTORS Carbon Film HiStab. 5%, | 3242 90 | 8279 £81 sescuos 00 | trace s $e | Tuogice - ae 74190 48. | S244 290 “ 
miniature 70: ESBS We NGK Bel TLceech. ae % 825 “ 
4816-100nS 225 | 8284 360 | 702 7 | F356 96 | NES44 210 | TLos3ce 74191 46 | S251 70 
RANGE Vel «1,99 100+ 4027. 190 8268 £10 | 709C 8 pin Ure? tio | NEBSS. 18| Ttosacn 90 ai a ep 3 
202M? «E24 2p tp—_*| 4116-150 5 | 8PB304BN 250 | 710 43 | Cease dye | NEBSS el Otc os 28) 74193 45 | $262 860 i} 
aye aMy «E12 2p tp« 4196-200n a9 | BT26A ga. | 741.8 pin (Mio ae | Nesso os |Upo40, 120 20) 74194 40 | $287 300 zs 
pnzaM? E12 ap «| 4138.260" gag | 812780 | 77K Ma pin (M10, SB lNese, sae |Uareeto 290 3) 74195 40 | $288 210 Hy 
2% Motal Film £24 6p ap‘ 4164-2000 828A 120 | 748CBpin (M307, Neseze 0 |Uaatyo. 190 eras sera as: | TS2e) vies 2 
13 Mota Frm Bi te fang CMOS | 87a) 80 tM, | Nesoe 420 | UaAto A ae ae | 3 
100+ price applies to Resistors of each | 21183 328 | Bt tMait 9 | NEBBSA 120 | UAA1003.3 tl seis) a 4 
type not mixed, a3 a0) ETN 80 en | earn | ten Nese6 165 | ULN2003 al eeaes vated 3 
RESISTORS Notwork S.1.L AE toons 228 | 9s sao | AY.1-1320 225 | tMazn “90 Nero, ano. | ot Ngous 70) 74246 60 
Peeaeroned: (8 pins) 1001, 6800, 1K 2k2, 4k7, | 4864:364K _ 500 | 9602 $0 | av1-s050 “99 | tMasaz 90. | NEST doo | Urcers. 00) 74247 s 
40K. 47K 100K | 25p 4816. 100nS 225 | AMZ6LS31C | AY-1-5051 160 | CMga5z 128 | NESS32, 145 | Up oe 20 | 74248 Cy 
8 Commonod: (9 pins 1500, 1800, 2700, 3300, 1K, | 4864:364K 125 | AY 16720 210 2 | wessaaa 180 | Upciier 2) ae e 
2k2, 4K7, 10K, 22K, 47K & 100K 6p. 5101-450 AMQ6LS32A 125 | AY.3-1270 730 @|.oMa3s 750 | Upcrise 20) 74251 «6 
8196-180nS 990 | AY-3-1015 300 | AY-3-1350 360 sel ircais6o “68 | Grcia6e” 38) 74259 v 
‘AY.5-1350 388 | AY-3-8910 438 M8 tincasss 48 | xnov00 B| 74205 i 
5 ‘AY-5.2376 600 | Booklat for 175 [85668225 | xn2207 Baas ry 
» AY-8.2376 600 | AY-3:8910 160 tao |8A83209 425 | xn2211 Ssare V4 
Ee Comaor7 275 | AY-3-8912 625 90 1Sa83210 328 | xnz2 3) 74278 es 
5 18 GoMa116 700 | AY-5-1230 460 1 |sapaz71 405 | Xazo0s 36| 74279 % 
M4 » M8131. 275 | AY-5:1317A630 448 |Sapiz09 686 | DNase 90) 74283 r 
a 3 6520PIA DS3691N 320 | AY-5-1350 388 M8 |Sc3a02, 236 | ZNatOE 60} 74264 2 
2 I 76SeRiEs | 6521 DSeBLsizon 27 | CA3011 130 | M386 90 | S490 aNA23E 80) 74285 = 
2 30| 7510778 95, | 6522VIA oseaz0 110 | CA3012 «178 | Cwnae7 rao | SN76013 Bue 85] 74290 a 
250. 40 | 75110 90 | 6530 £11 |0Se830 = 110 | CA3014 278 3¢, | SN76023ND 240 er 20| 74293 6 
40 46 | 75114/5 150. | 6352ARIOT 670 |FOI771 £15 CA3018 8 too | SN78131 125 | ZNazoe 25] 74297 J 
2 | 7121/2 130 | 6S45RTC B99 | FO1791 £22 | CA3019. 80 9 | SN76227N 98 | Ongo7e 36] 74298 7m 
12 83| 75150 qos | 6551ACIA 660 |F01793 £23 | CA3020 210 ae | SN76477, 420 | 2na2ee 65 | 74351 bud 
6 95 | 75154 1B | esszec a0 |FO1795  €28. | CA3023, 210 25 | SN764a8 490 | 2N': 170| 74365 6 
2 125| 75182/9 99 | 8800 zag |FD1799 «28. | CA302BA 86 Be | gozseat2 18 | Piao ies & 
aie ecooy 21e| 76188/9 5 | 6802 «280 | FD1797 ze | CARNGS aa 328 | Faeizy ep. | 2N103: eo caeee eS 
B]i0A/600v 298] 75322 140 60 | H026501 75 | CA3036 270 $B | TAr30 180, | PN ode Bee e 
8}25a/200v 240] 75324 360 yoo M6402 390 | CA3043 (275 86 | TA7210 150 | AOE £0) 74390 & 
B]25A/600V 395| 75361/3 150 670 | INSBO6ON 1060 | CA3045 36 6 TA7204 175, 34E 60 B 4 
alayied 56 | 75365 150 620 |INS8154N £9 | CA3046 70 $e | TA7208 Ch arr | = 7 
8|vmie o1 7545088 eo [MCI498 65 | CAI048 | tarz22 160 z 60 
4 75451/2 52 115 | MC1489 65 | CA3059 286 4 TA7310 160 S 
5 75454 8 110 |MC14411 690 |CA3075 213 aoe | TAAS2IAXt 296 % & 
1N4001/2 8 78491/2 68 MC14412 730 |CA3080E 70. BB | TAacs1a 190 s 30 
1N4003 6 220 | MC3446 260 |CA3081 190 250 TAA700, 77 wn 6 
1Ns004/5 6 Mcadaye 316 |CA3086 48 30 | TAag00 396 2 Ed 
}N4006/? 7 scr 12 | mces4s 625 |CA30B9E 215 2) TaDi00 169 % 
eae te THYRISTORS ae | ee om ro [Gastaae | 18 70 | Teasioa ze Z 
1N5401 15 3 M2534, 
1N5404. 16 SA/M0V 32 IunirvoeA™ 300 /CAS130° ‘80 | Meters ‘230 Le apeues ) 
1N5406 «17 SA400V 40 ze | mis28oo 695 |CA3140 40 | Mpi5teL 320 | Thay OX 2 
1N5408 19 SAG0OV 48 599 | M5303 636 | CA3160 6 | Meis16L 475 | OXI! 290 
1844 9 BA300V 60 500 | M5307 1275 |CA3161_ 160 | mp3712_ a0, | TRAGR) 180 v3 
18921 9 BAG0OV 90 £73 |MMs367A 475 |CA3162€ 480 | mBa756 © 440 | TBAB) BO 2 
6A/100V 40 12A100V 78 feo | miaser7a 770 |CA3189 200 | mci204 250 | TRANS % r+ 
6A/400V. 50 12A400V 96 250 | MM74C922 420 | HAI336W = 240 | M1301 cy 'BAB20 J 74121 
6A/e00v | 3A200v§4| 12A800V 188 Jo | AO-3-2613L 650 |HAI388 255 | wcy303_ ga | Thasso” Ga 7at123 4 
Zaaooy 6] 81106 150, Fo | Ros25130 650 [ICL7106 750 | MCI30¢p aa | TBASSO, 300 ® “ 
ah iety Go| BTI6 = 180 bas | Srraovse 000 |'Ct7107 975 | Neisiap igo | FEARS ria 2 z 
faaoov 69] C1060 38 42s | serg6a64 800 |1CL761) 99] Morass, 20 | OAs 275 74800 6 50 
Basoov  118| TIC44 a 360 | SPO256AL2 £18 190 | Mcr4sios 085 | tcarzo 35 502 B 4 
yaroov 7a] TICS 2 eg | TMSZTI6 IV. lic Mcis 300 eG: ae $03 © id 
12A400V 82 MC1494 om 
Ypasoov 1% |2N5062 32 80 |TMs6011 365, mciaa5 560 | Teagan” fae 50s 3 ie 
Téa 1oov 103} 2N5064 38 ao | Tmsa9e 20 | ICMIZ07 MC1496L 70 
VARICAPS |;G< 100 fue] zueces 130 | S1ts98 0 | Tog) Ee 1eM7215 Mcragot 70 | Tcages  1z8 508 © i 
1102 50] ;6aB00V 220 8202 25 | TMS9995 £12 MC1648 290 | TOAI a0 $32 ry 
Bet05s 40 | EASOOY 220 8208 ae | ULN2003. 75 | 1OM72168 Mci64a, 280 | ToA1008 310 20 
BB106 4” 8212 310 | uPD7002 470 | 1CM7216C TOA1022 499 2 C) 
25A800V 295 MC3302 90 bTbat a ‘6 
BBi098 45 8214 42s | 280CPU2.5 299 |ICM7217A 780 ‘DAI024 115 
im 728000 MC3340P 120 | TDAI03: 2 M4 
VAM? 108 sis son [zaoachuam |1CM722¢° 785 |Messsop tan | Toates0 a 2 a 
8216 1 300 C340 5 ba 74174 64 Ey @ 
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EL | RELAYS 
YQ Board CONNECTORS PAN 
SWITCHES DIL SWITCHES VEROBOARD » 0.110 DIP Boars Ie PCB Pugs Fomsle. Female METERS Miiblurodonclosed, PCB¢moUnt 
ToGste' 28 250y, | (SPST Away Top: 6 oy a6 22> 314° Gop PU” | Vero Site yes eels eam Wr ln 
P way ; 10 way ba Sonnect 
Beer up (SPDT) 4 way 190p. 2’y5 gp Angie cons 0-50nA SCO cat ave ara IGG: 
CHES Sane Bibra, | ROTO UDECE soe 108 OcsoRtA BOV/SAAC; 1300VA/50W — 210p 
SUB-MAN TOGGLE |) ROTARY SWITCHER! 33425” 1060 879 | Veroblock Ted 1p | 0-800gA RV ERAC) 
Boe eee ee rarl2 Rovian 216 Gways 3a 17 2820 | S-Dec Bee iso Zap OF 4312 coil, 4V2-7V OC; 250V AC; SA; 
Spor Geant off Sep | Spole/2toaway! apr2toa way’ asp | 834 17 ip | Eutabrcadboord 200 3509 2400 | cima $30 col 4y2. if 
SPDT centre off 85p | 3 pole/2to 4 way, Pkt of 100 pins —_50p | ..Bimboard 1 ‘Zp 169p sue 0-10mA. ALG-111 17042 coil, BV-14V; 250V A\ 
SPOT biased both | Rotary: Mains OP 250V 4 Amp Spotface cutter 136p | Superstrip SS2 ‘250p 190p pod Bu . 20p 
Seb tags ee on/off Pin insertion tool 178p Z70p 2000 hea SAL arsamitenl rnveaev Zov 
-swil 5A AC 
DPT “biased both | Moke's multaray swnteh, Shatting as- | VERO WIRING ae RESIGT PEN 
eb wi? | modstesuptoewaters S| Sparespoa “rep | Phssexe 8 | EURO CONNECTORS is ‘AMPHENOL PLUGS 
AN Te PE aa ee oy Combs ®& Loe ee i red ee IEEE 24 Way wei coer 
on . entronics Parallel 36 Way solder 
ee dni A cere bet a eo, eS Centronic Parallel 36 way IOC. 498 
WAFERS: (make before break) to fit | FERRIC CHLORIDE ‘TRANSDUCER DIN41617 
EE aeONs the above switch mechanism. 1 tb bag Anhydrous | JoxHs 2am pr Sivey 1 - - 1p 
DEOT IA 1$p | 1 pole/12 way: 2 pole/6 way: 3 pole/4 | 195p + 50p P&P DINAt612 BUZZERS, joiniature,. Saldaie 
DEOL IAclot 188 | way: 4 pole/3 way: 6-/2 way &p S dina” °° 2 | CavstaLs | evoVe av 7p 
ae oe Mains DP 4A Switch to fit “6 | COPPER CLAD BOARD OII6E2 tp ay 20m | SzTOEKHE 100 | prover ta euspucens na 
Spacers 4p. Scrsen 6p Fibre Single: Oouble sper, BERATCS 4o0Kts ze | Poa 
PUSHBUTTON 6A OW SPST zep | glass sider 85) ASBEC 300 Mp 2p Hp 2 
with TOmm Button, | ROCKER, SOATESOY SPOT 0 tee oe 455KH 30 i ggDepeAKene 
Seer patching 429) | ROCKER: 10A/250V DPOT c/off 35p | 6 * : Mi we Mp OW isan 
OPOT latching 145 | ROCKER: 10A/250V OPST with neon EDGE ais 908M | een wp 
SPDT moment 1489 85p | iL SOCKETS CONNECTORS pIPAeser oC | RIBBON CABLE | }2eMHe | Si 24in 400, 6401'or BON 8p 
DPOT moment T45P | HUMBWHEEL Min front mount Low swicen| LeaaBmerIRsI6S: | >a GREER IC sorocanien | peMie 36 j 
Mini Non L Decade Switch Module Prof Wrap 15 way — 6 Joep Groy Color | |-BNty Be 
Pushto Moke B.C.0. Switch Module Zep Bpin Bp 2p 2 ie eerie ee pn ao 17 | 10way 12p 2p | yeaa’ ASTEC UNF MODULATORS: aS 
ESM] ieee name | Sen Se We te ee | ie ae] eee a 
7 {spin 6p 62p ‘2% 25 way 225p220p 0p aa 19. 
Me ae ee ee 2| te = Bll 
le th pin pin pin i * 5 f iy : 
PRodEcs | singe ondad Dip" iHeodet Pugh Jumper Bip pe. | 2x38 way 286p ~ Hp | soentne 300 EMON Hew 
We stock | 24 inches 145p 1656p 2840p 380p Bion Be Soe | 2x40 way 3150 — Op | fecmis:  300| WATFO! 
most of Double ended DIP (Hoader Plug) Jumper 40pin «3p  88p ech Re 4:194304M 200 Ultimate Monitor IC 
vihaparts | & inches ie aie Hop dat | 275 way | Lssetan io 
——F 2hine anaes itor chip special designed 
as incre, Zo, ee Mee 5p | ANTEX SOLDERING IRON Sit D CONNECTORS: Miniature B.185Mis 900] A 4K Monitor chp spcity deigned 
36 inches. 2300 0p | STP, 59 | CAEW 4609 CXITW A750. | goer ‘9 way 1Sway 25way37way 5.24288M 390 | to._ produce _ the Wr eohated 
ll IDC Header Sockot Jumper Leads 24" | CCN gw 4968p CX2BW_—500p 0.17 pitch | Plugs 6.0MH2 140 Supartosrd Fahad ot. ay 
20 pin 26 pin 34 pin 40 pin | Soar tips, assorted sizos 6p 20 way Soldor lugs _80p 110p 160p 250p 6.144MHz 160 parton Berk In Practical eyieneg BY 
Single endod 180 200p 2680p 300p | Pare Flamonts, cal 65 Angle Pins 160p 210 250 SP | osss6Me zs] Dr A.A. 8 
Double ended 2290p 3570p = 480p 5 25p Iron stand with sponge 1685p Pp W/Wrap Gos eee 7OMHe 190 ony £10 
Pins 120p 1390p i 2 nt 
7,.68MHz 200 
RS: VOLTAGE REGULATORS Ne econ Socteiios 110 IMP 210 350p B.0MH2 160 
Dee RerOR ME 12.0-12V; 15.0-15V | 1A T0220 Plastic Casing Hey mouie i Ned Pins 1689 2 ap 290p 40D foam Be 
D100 i %P 1 sy 7008 0p 7905p er DIL scokets Pro” 1609 80 240» 420 | Seba 8 BBC MICRO 
eb mounting. Miniature, Split Bobbin me 12V 7812 0p 7908p. 100 pins 7p Cored. 9p 5p 9p 110p 10.0MHz 175 UPGRADE 
BVA aN Va 2EA: ZaaVOHGAHZKT2V-O12AGS | GIR. 7at2! Ap arate $e | Re ne ee Eras way olig aw 0 Skt460p | 10:24MHe 20 EB ORS Usiade Kis Al 
y 7915 10.7 icro Upgra 
BVA: ZIBVOA: 210V03A; 2x12V.0.25A, | IBV 7818 Mp 7815 Bp ALUM BOXES Tear ig | (Our BBC Micro UngradeK 
Standord Split Bobbin type Bi soe | zhear Bp | 25 a Coad Cable Aosembly 1e3ievam 49| 16K Memory (8 x 4816P) £18 
randard Sp) i i x ‘able Aosom i 
BVA; 2x6V-0.5A; 200V-0.4A; 2x12V.0.3A. pele ela 0p Phe 1030 | 73 bag, Sanglo end. Mote 495> | 16.0MHz 200 | Printer User 1/0 Port Kit £8.29 
RE UEvOzeA 6V 78L06 3p Ax4nay 200 | 1Btlong Singlo and, Fomato 625» | eon 339 | Complete Printer Cable 
T2VA:  2x4.5V-1.3A; 2x8V-1A;  2x9V-0.4 8V 78L08 30p = 4x4x 2! & 120p 36" long, Double Ended, M/M 1025p. 18.432M 180 | Disc interface Kit £41 
2x12V-0.5A; 2x15V-0.4A; 2x20V-0.3A, iy Jette 3a 78112 Op Bxax1t 423 | 36 long: Double Ended, F/F ogo» | 1easzM 20 | eee Kit £6.75 
DIVA: 2x6V-1.5A; 29V.1.2A, 2aSUGR, | IBY TLIS S0p 7SLI Op 5x2}x1}7 ‘Sop | 36% tong, Coublo Endod M/F 996 2BgeRMHe 180 | Serial I/O Kit Pk 
2x15V-0.8A; 2x20V-0,6A 3290p (60p p&p! | LMg00H 1170p TAASSO Op | 5 x 2: nah 12 Be ests 4p. |. Expansion Bus Kit ; (£2.50 
BOVA: 2x6V-4A; 2x9V-2.5A; 2x12V-2A; 2x16V- | LMGogty 170p TOAII2 180p | 6x42" 120 Baranoh 360 | Complete Upgrade Kit from " 
1.5A; 2x20V-1.2A; 2x25V-1A; 2x30V-0.8A (M305H Wop 7BHOS + Sy/SA SEOp| 643° 12>! @SPECIAL OFFER® dream yoo] Gompete Ur £4! 
ira oee, (80P PEO) | CM309K 1396p 78H12 + 12V/5A ey 210p TEX EPROM ERASER 27.145 190] We supply complete range of BBC 
pra aes for Muttrall Gomearen: PSUs (MBI7eP “a0 78HG +5V t0 +260) fosanar ade Only Bone” 1721 Plugs, Sockets, Leads, Peripherals, 
onav atin ‘5750 (66 papi | tMaaaK so A 8909 | 10%7%3" 276 £29.95 {ooo 26. Software etc. Send SAE for list 
WOOVA: 2x12V-4A; 2x15V-3A; 2x20V-2.5A; M337 Re T9HG +2.25V to 24V 12 eee 4 .: 116.0MHz 250 
2x25V-2A; 2x30V-1.5A; 2x50V-1A 9820p (75p M723 Var 5A 686p |} 12x8x = 
P&p charge to be added over and above our nor- =. —— — 
mal postal charge). 
CMOS | 475 | asa 1 | OPTOELEC- COMPUTER CORNER NEC PC8023BE-C PRINTER 
ql i inter 
#0018] dove fa. | 483 | LeDe wan Cine © MX®0FT/3 EPSON PRINTER 10° & Friction feed, 9 x9 matrix e's most popular Er 80 "golunh; 
foo 2 | 4072 18 | Seay ao | Tad Res Hy 80 column, Speod BOCES, Bidirectional Centronics Intsace | 100CPS bidractionl, Logic soaking, 80 colunn, 
m i , OM 
oe 2 | fog a | 488 | Tae Ya % Senteaksutecinn SGase ea hate er seine taciity | case, Supersenpt & Subscript & Underlining faciity. 
4007, | goss, = so | 4883 88 | ta20 2" Red 2 graphics, Subscript & Superscript, Italics 9 Hee a eeaclnard comet |eusrerse Ieniieer 
4008 pes eo | 4554 180 | on Green, Yellow oF plus 500 sheets of paper FREE. 7 roportional spi Tati Hivos block graphics: Ausg 
fog | teeta | ASE | Aawer 4 | © MX100 EPSON Printer. 136 Column, 15” carriage, plus all the | Tractor orriction feed, i408 & back prep 
fon 40. | 409320] 4869 aan ie alco « features of MXBOFT/3. Plus FREE 500 sheats of Paper une e ee 500 s oa fee 
4084 70 | 4558 120 | Red/Groon ‘ i Only. + carr, rice: Only £320 . 
a3 2p | 4095, | 4589 | Soe | @ SORTV' i An intelligent’ Eprom Programmer and Emulator, 
Mo | oer 20. | 4860 18 | Rearreonialow 98 Accepts a 24 pin 5V Eprom. Has Memory Map TV Display. R233 | 
48 | toga 776 | 4881 18k | Ei eictnneoe ed and Centronics 1/P & O/P. Copies, Emulates and programs. 
fo 32 | 4099 190] 4865 fog | Flashing od RS 232 and centronics routines standard. PSU included. .....£169 4 
toa ie | 4190 | Ase 0 Square LEDs, Red, TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes, £23 MONITORS: FL CTRISE RSE tets 
4019 | 4161 99 | gse9 175 Yellow 30 TEX EPROM ERASER with a safety switch... coe ee 
OZ, | 42) aR 88 aera Va Rectangle OM stackable TEX EPROM ERASER plus our Solid State ELECTRONIC eet ae ee i BBC prog) ae es 
4021 40 LEDs TIMER......... ssssossvvonavaconssensaserane ecanees soon da i-glar filte 12MHz £95 
4022 40 | F178 82 | 4581 280 | Re cron or oll 18 i . Connects directly @ AVT9" Green, Anti-glar filter, 
iB] aioe at | 4885 | Traigutr bos ‘> Sea ne ule. Chips from © AVT9" BEW, Anti-glare filter. 12MHz..... £89 
a |B | ai88 4583 ga | Tria 8 to above. Eracers, Protects your “exp 18 AVT9" Amber, Anti-glare filter. 12MHz £98 
A026 1/13) | A808 4) 12885 (A8R4Y) PABLO cs vat a8 overcooking. Our timer pays for itself in no time. AVI Sse Arobet Abicalars fitera/2M He 
$38 | ato Fae | Be | Lozriintonea © 48 @ SPARE UY Lambbuh yn : £8 arraig 
7 | Mt Gre | 4882 $8 | SeHa0o Dec 18 | § Sova SURAT Reguiated with Overioad protection, Variable 
42s ag | 4412, 778 | aooes a0 | TS2Infra Rod” 58 Output, 5V to 15V at 4A. Professionally finished . £38 
oso te | 4818 M80 | ong Mg | THL7B Detector % | © MULTIRAIL POWER SUPPLY KIT.Especially designed. for 
fot ag | 4819290 | dooag 168 aay ry Micros. Tested output: +5V/5A; +12V; +25V; —12V of 1A £37 DRAGON SDkiRA MI ARIbIG 
403290 | 4422 © 770 | 4100-215 | TN sou, Red 10 © Stack-Pak Unique stackable twin drawer racking system for The family Computer. Colour, ea3 ey ear] 
4033125 | 4435 960 | 40101 130 monts storing cassettes. 5 Drawers (10 sections) including labels and 10 64K. Sound ....... : 
PETES ea Weert Ree} ISOLATORS 10 x C12 Computer grade cassettes.......:.:nmnunsieen 550P 
fois am | ae? $8 | Sloe" Kove $ | © C12 COMPUTER GRADE CASSETTES in library cases 4p 
4037115 | 4490 360 | 40105 110 | [LO7E 18 | © 84” Fan Fold paper (1000 sheets) ed i v 
iiss Ho | 49828 | sees} | tttvarme |S 54° FanFold paper (1000 shows) “2 | JUPITER ACE Microcomputer 
foro “te | $892 | oto aso | TIL ie SEIKOSHA GP100A. 10 Tractor Feed, 80 Colmn. 30CPS, | Uses Ultrafast FORTH. 8K ROM, 3k RAM, 32 x 
fon | 42% 8 | ots fo Daingun” 16 | © Normeland Double Width Char Dot Res Graphics. E175 t€7 ear) Display’. as £78 (E2 car) 
4Bi2 40 | 4504 75 | M0110. 300 | Oe rernent Dleplays @ SEIKOSHA GP250X. 10", 50 CPS, Normal and Double width 
toe 0 | 4208 1S | Aoton toe | Tor 7% and height Ghar, RS232 and Centon nf, standorde240 (C7 cat) 
dose ‘tor | foresee Tata 3-S¢ Wee. | @ Printer Cable for our printers and BBC BEE MBS SINCLAIR 2x HliNicror computer i 
4046 48 | 4508 «130 | 40174 OB TOT ECA 115 Now available from stock... .... £43.45 
PEO Mic iy del SS reel | AOE pemets  ih thr pe 115 
iB | ast aw | 4018) 20 | raga 3 co 9 | FLOPPY DISC DRIVES n 2% 
fos | 4813 am | actos ge | OM073° CA oe | ee ene ene intased: 3/5, 40 track, 5%", 100K......-£125 
fore | aS $82 | Sones be | ENDGSI Red = x20 TEAC FDBOA — Cased, S/S, 40 track, 514", no PSU £150 IMUM 
405145 | 4518115 3 | ENDO 15 | © swith PSU, S18, 407. 8) £180 ULTI 
4052 60 | 4515 = 116 | 4019: R i 160 @ TEAC FDS0A — Cased wit , 5 51", 200K £350 "Ss most versatile 
4053 60 | 4516 65 | 40195 965 218 | @ TEAC FDSOA — Twin Cased, PSU, S/S, 5%", SOK: £478 WATFORD’ own 
Reh BE fo ASIZ 28. | M0244. 1S. | ae Red CA |) 160 TEAC FDSOE — Twin Cased, PSU, D/S, 80 track, 400K... MICRO EXPANSION SYSTEM. Ideal 
aoe be | ABS | ARzR TES | Be et Goonca 160 ive CABLES for BBC Micro: . Single £8; Double £12 i i ith APPLE, ATOM 
doer owe | ak BVMI76) ee hee BBC Micro compatible for interfacing with i p 
4057, 1918 | 4520. BD. | 40373 200 | eat Dats. ae N.B. All above drives are BBC Mici salle oleh 2 Ol RAGON. PET. RESEARCH MACH. 
AER RB | 4821091 190°) (/40378 9 62081) cn A bigks 590 | @ SIEMENS FDD 100.5 Drive. Cased wit H to) DI b ’ D 
4060 | 4522 125 | 48106 895 | COG Digits 625 micro switch and motor control. PCB with read, write a INE, SPECTRUM, SUPERBOARD, 
Moorea gee eakze it atone. control electronics. Connecting cable incl. Especially Bes oe VIDEO GENIE, ZX81, etc. Low Cost, 
Piezo i WMicro ....... Regret M : , 4 0 
% | 4328 70 Rectangular, nwt fixing APPLE Practical 
24 | 4520 150 | Gem” Toy Reta: Gran ne Apple Il Interface Card for above. . ; fae High Spec. As published in a ical 
7% | 4830 8 | onpiz2 88 REFLECTIVE “Optical APPLE 11 80 column Hi-Res Card for above. £135 Electronics starting from Novem! 
te | 4233 1% | onper 95 Switch yee 711139170 | 8 So vERBATIN, Diskettes 5%", S.S.S.D. 1982 
18 | 4832 2D | 2ns777 46 © SLoTTED Optical | @ 10 VERBATIM Diskettes 5%’, D.S.0.D. £30 : F 
13 | 483 die | BEXES, 198 Switch, simi "isp | © 10 VERBATIM Diskettes 8, S.S.0.D £28 Send SAE for details. 
13 | 4838 “a0 Bexes ao oP N.B. Carraige is extra on all disc drives. 
16 4539 110 
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What is 10 n? 
What is the EPS service? 


What is the TQ service? 
What is a missing link? 


Semiconductor types 
Very often, a large number of 
equivalent semiconductors 
exist with different type num- 
bers, For this reason, ‘abbrevi- 
ated’ type numbers are used in 
Elektor wherever possible: 
@ ‘741' stand for uA 741, 
LM 741,MC 1741,MIC 741, 
RM 741,SN 72741, etc. 


@ ‘BC 107B’, ‘BC 237B’, 
‘BC 547B’ all refer to the 
same ‘family’ of almost 
identical better-quality 
silicon transistors, In 
general, any other mem- 
ber of the same family can 
be used instead, 


BC 107 (-8, -9) families: 

BC 107 (-8,-9), BC 147 (-8,-9), 
BC 207 (-8,-9), BC 237 (8,-9), 
BC 317 (8,-9), BC 347 (-8,-9), 
BC 547 (8,-9),BC 171 (-2,-3), 
BC 182 (3, 4), BC 382 (-3,-4), 
BC 437 (-8,-9),BC 414 


BC 177 (-8,-9) families: 

BC 177 (81-9), BC 157 (-8,-9), 
BC 204 (5, 6), BC 307 (-8,-9), 
BC 320 (-1, -2),BC 350 (-1,-2), 
BC 557 (-8,-9), BC 251 (.2'.3), 
BC 212 (-3,-4),BC 512 (-3,-4), 
BC 261 (-2,-3), BC 416, 


Resistors and capacitor values 
When giving component 
values, decimal points and 


large numbers of zeros are 
avoided wherever possible, 
The decimal points is usually 
replaced by one of the fol- 
lowing abbreviations: 


p (pico-) = 10712 
n (nano-) = 10° 
wu (micro-)= 10% 
m (milli) = 103 
k (kilo-) = 10° 
M (mega-) = 10° 
G (giga-) = 10° 


A few examples: 

Resistance value 2k7: 2700 &. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4,7 pF 
or 0.000 0000000047F... 
Capacitance value 10 n: this is 
the international way of 
writing 10,000 pF or .01 uF, 
since 1 n is 10” farads or 
1000 pF; 

Resistors are % Watt 5% carbon 
types, unless otherwise speci- 
fied, The DC working voltage 


of capacitors (other than 
electrolytics) is normally 
assumed to be at least 60 V. 
As a rule of thumb, a safe 
value is usually approximately 
twice the DC-supply voltage, 


Test voltages 

The DC test voltages shown 
are mesured with a 20 kQ/V 
instrument, unless otherwise 
specified, 


U, not V 

The international letter 
symbol ‘U’ for voltage is often 
used instead of the ambiguous 
‘V'. ‘V' is normally reserved 
for ‘volts’, For instance: 

Ub = 10 V, not Vp = 10 V. 


Mains voltages 

No mains (power line) volt- 
ages are listed in Elektor cir- 
cuits. It is assumed that our 
readers know what voltage is 
standard in their part of the 
world! 

Readers in countries that use 
60 Hz should note that 
Elektor circuits are designed 
for 50 Hz operation, This will 
not normally be a problem; 
however, in cases where the 
mains frequency is used for 
synchronisation some modi- 
fication may be required, 


Technical services to readers 

@ EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board. Some — 
but not all — of these boards 
are available ready-etched and 
predrilled, The ‘EPS print 
service’ in the current issue 
always gives a complete list 

of available boards, 

© Technical queries. Members 
of the technical staff are avail- 
able to answer technical 
queries (relating to articles 
published in Elektor) by tele- 
phone on Monday's from 
13.30 to 16,15. Letters with 
technical queries should be 
addressed to: Dept. TQ. 
Please enclose a stamped, self 
addressed envelope; readers 
outside U.K, please enclose 

an IRC instead of stamps. 

@ Missing link. Any important 
modifications to, additions to, 
improvements to or corrections 
in Elektor circuits are generally 
listed under the heading 
‘Missing Link’ at the earliest 
opportunity. 
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(B/ B/C) Micro Computer 


ACORN WORD 
PROCESSOR ‘VIEW’ £ 52 


Please phone for availability 


BBC Model B £399 
(incl VAT Carr £8 
Model A to Model B Upgrade Kit £50 
Fitting Charge £ 15 
Partial Upgrades also available. 


SECOND PROCESSOR 6502 ... 
SECOND PROCESSOR Z80.. 
TELETEXT ADAPTOR 
PRESTEL ADAPTOR 


All| mating Connectors with Cables in 
stock. Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE SOFT- 
WARE AVAILABLE 
Phone or send for our BBC leaflet 

BBC FLOPPY DISC DRIVES 

FD Interface £70 Installation £20 
Single Drive 5%" 100K £ 235 + £ 6 carr. 
Dual Drive 5%" 800K £799 + £ 8 carr. 


‘BBC COMPATIBLE DRIVES 


These are drives with TEAC FD5O mech- 

anism and are complete with power supply 

SINGLE: 100K £ 190; 200 K £ 260; 
400K £340 


DUAL 


: 200 K £ 360; 400 K £ 490; 


OFFICIAL BOG DEALER 
PRINTERS 


SEIKOSHA 
GP 100A 


800 K £610 


EPSON MX 80 and 100F/T3 
MX80 80CPS 80cols 
MX 100 100CPS 136 cols 


Logic Seeking, 
Bi-directional, Bit Imvage 
Printing, 9x9 Matrix 
Auto Underline 


MX80F/T3 £325 
MX 100 F/T3 £430 
(£ 8 Carr/Printer) 


DRAGON 32K 

*HI-LORes Graphics 

*REAL TIME CLOCK 
*COLOUR *SOUND 

*PRINTER PORT 

Only £173 + £4 carr. 

Please phone to check avail- 
ability Wide range of Software 
in Stock. 


NEC PC 8023BC. 


100CPS, 80 cols 
Logic Seeking, 
Bidirectional, 80 cols 30 CPS Full 


Forward and i 
ASCII & Graph 
Reverse Line Feed, § 10” wide See 


Proportional 
Now only £175 


Spacing, Auto 
Underline, Hi-Res Only £320 + £6 carr. Ask for 
details on GP250A 


and Block Graphics, Greek Char. Set. +£8carr 
VARIETY OF PRINTER INTERFACES IN STOCK 


RIBBONS FOR PRINTERS | AMPHENOL 
| CONNECTORS 
GP 100A 


EPSON MX80 37 way Centronix Type £5.50 


(IDC or Solder Type) 
NEC PC8035 25 way IEEE Type £5.50 


PRINTER ACCESSORIES 


2,000 fan fold papers with 
perforated margin... 


£15 + £3.50carr. 


MICRODOCTOR SOFTY II INTELLIGENT PROGRAMMER 


This is not a logic 

analyser or an oscillo- 

scope. It tests a micro- 

system and gives a 

printed reprint on 

RAM, ROM and 1/0 —* 

it will print memory 

map, search for 

code, check 

dataline shorts 

and operates 

peripherals 

Microdoctor complete with PSU, printer, proble cable and 
two configuration board £ 2! 


UV ERASERS 

UV1B upto 6Eproms .... 
UV140upto14Eproms .... 
UV1T_ with Timer 

UV141 with Timer 

(Carr £ 2/eraser) 


MICROTIMER (HOUSEKEEPER) 

6502 Based Programmable clock timer with 

* 224 switching times/week cycle 

* 24 hour 7 day timer 

* 4 independent switch outputs directly interfacing to 
thyristor/triacs 


The complete micro processor development system for Engineers and 


Hobbyists. You can develop programs, debug, verify and commit to 
EPROMS or use in host computer by using softy as a romulator, Powerful 
editing facilities permit bytes, blocks of bytes changed, deleted or inserted 
and memory contents can be observed on ordinary TV. 

Accepts most +5 V EPROMS 


Softy || complete with PSU, TV Lead and Romulator lead . £169 


RUGBY ATOMIC CLOCK 


This Z80 micro controlled clock/calendar receives coded time data from 
NPL Rugby. The clock never needs to be reset. The facilities include 8 in- 
dependent alarms and for each alarm there is a choice of melody or alter- 
natively these can be used for electrical switching. A separate timer allows 
recording of up to 240 lap times without interrupting the count. Expan- 
sion facilities provided, 

Complete Kit 

Ready Built Unit 

Reprint of ETI articles at £ 1.00 + s.a.e. 


ACORN ATOM 


Basic Built 
Expanded 
(carr £ 3/unit) 


All erasers 
are fitted 
with mains 
switches and 
safety inter- 
locks. 


£120 + £ 2.00carr. 
£145 +£5.00 carr. 


MONITORS 

BMC BM 1401 14" Colour Monitor 
RGB Input 18MHz Bandwidth 

£ 240+ £8 carr 

HI RES 12" Green Monitor 
Antiglare screen £99 + £6 carr 
MICROVITEC 1431 M/S 14" 


Atom Disc Pack £ 299 + £6 carr 


*6 digit 7 seg. display to indicate real time, ON/OFF and 
Reset times 
* Output to drive day of week switch and status LEDs. 


_ Full details on request. Price for kit £57.00 


3A 5 V Regulated PSU 
£ 26 +£2carr 


Full Range of Atomsoft in stock. 
Phone or send for our Atom list. 


Colour monitor RGB input 


£ 269+ £8 carr 
RGB Lead for BMC £8 


Composite Videolead £ 3.50 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 
PLEASE ADD 40p p&p & 15% VAT 


Trecunomatic Lr 
ROAD, LONDON NW10 1ED. 


ONDON NW10 
922800) 


MAIL ORDERS TO: 17 BURNLE 
) AT: 17 BURNLEY ROAD, L 
(Tel: 01-452 1500, 01-450 6597. Tele 


D (Export: 


Detailed 


305 EDGWARE ROAD, LONDON W2 


Stock items are normally by return of post. 


no VAT, p&p at Cost) 


Orders from Government Depts. & Colleges etc. welcome. 


Price List on request 
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ambit’s new 
autumn/winter 
catalogue 
is 
OUT 
NOW! 


128 


PAGES 


WHE, 


ALL THE ‘USUAL’ BITS Wp 


(Rs, Cs, Tr’s, ICs etc) 
+ ALL THE 
TRICKY BITS 


at all good 
newsagents 
or direct 


* TOKO COILS, INDUCTORS, LC FILTERS 

* PCM FILTERS, VHF/UHF HELICAL FILTERS 

* UNELCO CAPACITORS 

* PCI INTELLIGENT LCD MODULES 

* TOKO SWITCHES : F SERIES/R7000 SERIES 

* ALPS POTENTIOMETERS AND 
KEYSWITCHES 

* TOYO-TSUSHO COAX RELAYS FOR TX/RX 

* CRYSTAL FILTERS, CERAMIC FILTERS 

* WELLER SOLDERING IRONS 

* COOPER TOOLS 

* TEST EQUIPMENT 

* BOOKS, MANUFACTURERS’ HANDBOOKS 

* HARDWARE, CASES, PANELWARE, ETC. 

* MODULES, R&EW KITS 

* RF POWER DEVICES 


* PHONE ORDER SERVICE — (NO MACHINES!) 


PLEASE NOTE OUR NEW PHONE SYSTEM AUTOMATICALLY STACKS CALLS. 
IN ORDER OF ARRIVAL SO PLEASE WAIT IF NOT ANSWERED IMMEDIATELY 


8 AM — 7PM MON — SAT 
0277 230909 


* COMPUTER ORDER SERVICE — ‘REWTEL’ 


6 PM — 9 AM 300 BAUD/RS232 
(IT MAY BE 24 HRS BY THE TIME YOU READ THIS) 


0277 230959 


ambit INTERNATIONAL 
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}0,NORTH SERVICE ROAD 
BRENTWOOD, ESSEX 


Telex: 995194 AMBIT G 


advertisement 


services 
O 
readers 


EPS print service : 


Many Elektor circuits are accompanied 
by printed circuit designs. Some of these 
designs, but not all, are also available 
as ready-etched and pre-drilled boards, 
which can be ordered from any of our 
offices. A complete list of the available 
boards is published under the heading 
‘EPS print service’ in every issue. Delivery 
time is approximately three weeks. 

It should be noted however that only 
boards which have at some time been 
published in the EPS list are available; the 
fact that a design for a board is published 
in a particular article does not necessarily 
imply that it can be supplied by Elektor. 


Technical queries 


Please enclose a stamped, self-addressed 
envelope; readers outside UK please 
enclose an IRC instead of stamps. 

Letters should be addressed to the 
department concerned — TOE (Technical 
Queries), Although we feel that this is an 
essential service to readers, we regret that 
certain restrictions are necessary: 


1, Questions that are not related to 
articles published in Elektor cannot be 
answered, 


. Questions concerning the connec- 
tion of Elektor designs to other 
units (e.g. existing equipment) can- 
not normally be answered. An 
answer can only be based on a com- 
parison of our design specifications 
with those of the other equipment. 


. Questions about suppliers for com- 
ponents are usually answered on the 
basis of advertisements, and readers 
can usually check these themselves. 


. As far as possible, answers will be on 
standard reply forms. 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to ovetloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 
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I-PAK BARGAINS 


TRIACS — PLASTIC MINIATURE TOOLS FOR HOBBYISTS fmm 


4 AMP — 400v — 10202 — TAG 1366. Set of SBA spanner shalis plus unwversal handle in roll-up 
1 OFF Rot sn 0r 100 OFF Minatute round nose side cutters “ wallet Sves OBA 2-4:6-BBA Order no 1192 


£2.75 set 


insulated handles 4Yomnch length Oe FLeyey DRIVER « 


NovOH, 


Allee shat sciewsinver fr those awkward to get at screws Overall 
Murature tong nose pers - insulated Yength 8¥anch Order No FS Hat blade Am FS:2 Coss pomnin0 19.75. each 
handles SY tength Order NoYOS4 


NEON SCREWDRIVER 


Thin blade o1der no NS1 £0.65p each 
5Yhin blade order no NS? €0.50p each 


SLIDER POTENTIOMETERS 


sca Tet ies Manature bend nose phers  nsusted y 
Frog Aten ie pote handles SYainch length Order No YO4S, f 
SK63 5 +470 ohm: Ln $4605 x 7k tn 
GRIP-ORIVER 
84 5h 0016 BER PAK PM GBS, nse es nen ves nse yl Se ee AS wel anil 
peat lest RO. sinen engin. Order No. ¥O4 © To bold screws i postion while reaching si bs 
$XO6 5x27 og $KI05 x 1 meg Ln Ss zi eh Onl Mar nd to bald secs in postion While reachiog no Satisfaction or your money back has 


those cificul places Order No $O-1 ft blade ¢rm always been BI-PAK's GUARANTEE and it stl 


—_—— 
Minature snipe nose piers wih side 80:2 Cross pont no0 95p each 
SX40 250 Silicon Diodes—Switching like cutter and serrated jaws - sulted Su6T, INEXPENSIVE TOOLS OF IMMENSE VALUE All these Sale items are in stock; in quantity and 
1N4148 00-35. All good—uncoded. Worth fonds Sch engin oer novo 4 DES ever vee enanieineleueonrvl ton we will despatch the same day as your 


double ourprice, 45y75mA Bae All with insulated handles h teams campo Orde HoWS2 Out pce £1.20 each, order is received 


SX41_ 250 Silicon Diodes~General Purpose, like 
0A200/202. BAX13/16. Uncoded 
IC SOCKETS 


30-100v200mA. 00-7 


XPERIMENTOR Plastic Boxes The lowest price ever. 
Coloured Black. Close fitting. 
BOXES - ALUMINIUM - The more you buy the cheaper they come! 
Flanged Lid, fixing screws into brass bushes. 
SKM4_ 10 SASCR’s 1064, 3x 50¥, 3x 100v, 2x PLASTIC SIZE"L WH OrderNo, Price fam Pi” off SO olf 100 off 


20.2540 Supervave ss than | ALUMINIUM BOXES ee Pr 4) -e4.00 ftom Se £250 E500 
ph Made with Bright Aluminium folded 4% 2h 1h 143 £1.30 id 
RAUL EC aH tae Construction with deep lid and screws 6 34 2 144 eto mo Seay ng. 00 
joan ul size" H Price Plastic as above but with aluminium top panel 

"i 83p 4h 4 146 -81.40 


aaah a VOLTAGE, REGULATORS 
70220 Tis fy 1508 5p 


r £2.14 7912 — 55p 
* . 7815—50p 7915 —55p 
All measurements for boxes are shown in inches. L = Length. W = Width, H = Height 1824—50p 7924 —55p 


95p 


BI-PAK’S OPTO 83 SPECIAL SEMICONDUCTORS FROM Uetsl Ni-Cd bates Ehtge NB 


Aselection of Large & Small size LED's in Red AROUND THE WORLD case with lift up lid. Charge/Test switch LED 
Green, Yellow and Clear, plus shaped devices | A Collection of Transistors, Diodes, Rectifiers, Bridges, SCR’s Sena aut lie a 
of different types. 7 Segment displays, photo 100 Triacs, IC's both Logic and Linear plus Opto’s all of PPS ns A Re 
transistors, emitters and detectors. which are current everyday usable devices U12(1 SVpenttey Dims ~ 


Types like MELI1, FPT100 etc. Plus Cadmium UIN(1 SV"C") —— 210x 100.x 50mm 
Cell ORP12 and germ. photo transistor U2(1.5V"0") £6.95 


ocr7t. IN vous £4 a 00 oatvetein Gt POWER SUPPLY our price £3.25 
for ‘every pak. Power supply lits directly into 13 amp socket 
O/NO'SXSIA y 9 sockel 
ww: is only Order No. SX56*, Fused for sately Polarity reversing sockel 


Guaranteed Value over £10 at Normal Retail Price 


ved + Noval Reta €12.00 
Our Price $ Voltage switch Lead with multi plug 

a ; is A”) “ib Input - 240VAC SOHZ Output -3 45 6 

£5.00 75.98 12V0C_ Rating -300ma__ MW88 


Silicon NPN‘L’ TypeTransitors: DIGITAL VOLT METER MODULE 
Metis adalat 0-92 Plastic centre hdd ~ 3.x 7 segment displays Basic Cucuit O- 2 SILICON BRIDGE 
RECTIFIERS 


5 — 5007 — vcto.d — yous for VUTS Like BC1B2L — 183L — 184L is) siecle prodded i ex vlogs Brat 
AL perfect devices — NO duds Min 60v OBO 45 VCEO 30 1C200mA He 100-400 [*) | ‘anges, Opening Volige S12 


5001.00 = we ONIN OREN STE AL pte eves — net ORDER AS Sx183L * Typ. Power Consumption mA camtane 
Silicon General Purpose NPN Transilors io Case 50 of 100 of ~— S00 of ~—1000 olf O/NO $%99 Once only price i amp rectifi a 
Lock fit leads — coded CV7644 Similar to BC147 
= BC107- 7789 ALL NEW! VCE 70v ICSO0mA £1.50 £2.50 £10.00 £17.00 £9.95 mounted oh Oe 
76201 SOON NO ae PNP SILICON TRANSISTORS: JM flectfonic sinew t2v oc 1FM - 1.5 Amps 

Prick £2.00 £3.80 £17.50 £30. we ARTIS CSTR ELI fed le case wth ote ag CA a 
Silicon General Purpose PNP Transistors 10-5 Case CEO 40 VCBO 35 Ic 300mA Hle 50-400 Labeled ei c 10 off £1.00 

Lock tit leads coded CV9507 similar 2N2905A to me Me P » 50 off £4.50 

aero VC Bt IC 0nd in He 0 AL NEW! Brand New — Uncoded — Pelect Devices ianien 100 off £7.50 

00 of a ae ae 50 off 100 of 500 off toy off ‘ pester : Order No. As: 4B 
PRICE 2.50 £4.00 £19 ‘ em I enews AL 
0 1,00 £38.00 £2.00 £3. 50 £15.00 £25.01 £5.50 . + 


“IRRESISTABLE “CAPABLE BI-PAK SOLDER - BI-PAK PCB ETCHANT 
RESISTOR BARGAINS" CAPACITOR PAKS” DESOLDER KIT + AND DRILL KIT 

Description Price . Description Price Kit comprises ORDER NO. SX80 Complete PCB Kil comprises 

Mixed “All Type’ Resistors £1 Capacitors Mixed Types fl 1 High Quality 40 watt General Purpose 1 Expo Mini Drill 10.000RPM 12v DC incl 3 

Pre-tormed Y-% watt Carbon Ceramic Capacitors Miniature Lightweight Soldering Iron 240v mains incl collets & 1x Imm Twist bil 

beeten rte ft ore mics 1p Spf ft 3/16" (4.7mm) bit 1 Sheet PCB Translers 210mm x 150mm. 

watt Carbon Resistors xed Ceram 1 Quality Desoldering pump. High Suction with 1 Etch Resist Pen 
casing and tellon nozzle. 3 sheets copper clad board 


2m? Mixed fl Capacitors a 
100 | and 2 watt Resistors 22 Mixed C280 type capacitors 1,5 metres of De-soldering braid on plastic 2 sheets Fibreglass copper clad board 


ohm-2m2 Mixed fl metal fo fl dispenser Full instructions for making your own PCB, 

Paks SK12-15 contain a range of Carbon Film Resistors Electrolytics, all sorts 2 yds ( 1.83m) Resin Cored Solder on Card boards a 
of assorted values from 22 ohms to 2.2 meg. Save Quality Electroiytics 1 Heat Shunt tool tweezer Type Retail Value over £15.00 x 
pounds on these resistor paks and have a full range to Seite td = teoamt ae 1 Total Retail Value over £12.00 OUR BI-PAK SPECIAL KIT PRICE £9.75, 

over your projects antalum Beads, mixes ORDER NO Sx81 

“Quantities approximate, count by weight * Quantities approximate. count by weight. OUR SPECIAL KITIERICE £6.08 


Send your orders to Dept E2 Bi PAK PO BOX 6 WARE HERTS: Use your credit card Ring us on Ware 3182 NOW and 
SHOP AT 3 BALDOCK ST WARE HERTS get your order even faster Goods normally sent 2nd 
| | TERMS. CASH WITH ORDER, SAME DAY DESPATCH, ACCESS Class Mail 
BARCLAYCARD ALSO ACCEPTED TEL (0920) 3182 GIRO 3887006 & Remember you must add VAT at 15% to your order 
‘ADD 15% VAT AND 75p PER ORDER POSTAGE AND PACKING Total Postage add 50p pes Total oder 
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Electronic Components & Microcomputers 
DEPT. EK, 16 BRAND STREET, HITCHIN 


HERTS,SG51JE Telephone: (0462) 33031 
TRANSISTORS 


COMPUTER ICs 
3650p 


eeea sud evastetnevinyseatteeonts 


3; 


Av3-10160 


SzyggSSeees. 


AY-5-1013A, 


MC1408 2965p 
MC1488 


ZB0ACTC 
ZHOADART 


MEMORIES, 


ysgagy 


eeesasasesxsssy 


TBA480Q 175p 
TBAS40Q 130p 


25p 

45p 

9p 
UPC575_ 149p 
UPC1167_158p 
UPC2002¢ 2865p 
UPD7002 450p 
ZN414-——100p 


VOLTAGE 
REGULATORS 
+Ve 


20 
13 


SSSSRR oe ss 


35 


row 
Wi |e 
nin HUA 


B0679A 


Shop opening hours 


Set gam to 6.00pm 


= 


| TIP36A 176 
TIP36B 1865p 
TIP36C 
TIP4t 


g 


ggagsssessoussugessseuysseyeuessBagsesecssauuegeeas 


ESESESUSESEESEV Ena ESGGEPPTS ESOT USUOEEEAECEAECEEE 


B38 


7p 
4 
Bp 
9p 
0p 
160p 
165p 
170p 
185p 
170p 


2N3821 


Mon to Fri 9am to 5.30pm 


JRONIES TD. Accoss or Barclaycard a1 


advertisement 


TERMS OF BUSINESS — Professional qualty sleotronio components brand naw and fully guaranteed. Mail 
ish, Cheque, Postal Order or Bankers Draft with order payable to HEMMINGS ELEC: 
ilable using our 24 hour answerphone servi 


Monthly Codie: 


counts available on request to government and educational authorities. Industrial customers wishing to open 8 
credit account are required to furnish a bank reference and two trade references. Postage and packing add 45p 
to all orders under £10. All prices are exclusive of VAT. Please add 15% to total including perp. No VAT on ex- 


or books. 
ap i 2N4023 


salennanainiesae 


BeSagengyyysssyygssssss 


2N4921 


LIQUID CRYSTAL 
Pah MODULES 


PCIM177 Frequency Counter 


FM, SW, MW, MHz, KHe 
Annunciators 
Sample and Hold Capability 
Resot Cap. 


Prescaler A\ 
Incandescent Backlighting 
Supply Voltago 5v 
Operating Current 4mA 
£18.85 
sPeae 8 6 Digital Motor Module 
= and Cocina! Point 
2oomV'Full Seale Input 
True Difforential Input 
Guaranteed "0" Reading 
Single 9v Operation 
Power Consumption 20mW. 
Accuracy 0.15%, +/- 1 Count 
Tomporature Drift 80ppm/C 
Low Battory Indicator 
Incandescent Backlighting 
£22.50 


Modules are supplied with Data 
Shoot. 


‘FIBRE OPTIC 


POLYMER CABLE 
A.10m coil of 1mm core optical 
fibre cable sheathed in black 
potyathylene for protection eq ge 


Mail to: 


ALFAC ETCH 
RESIST TRANSFERS 


Make your own Printed Circuit 

Boards with our PCB transfers 

© Draw your artwork on 0.1” grid 

© Transfer to copper board 

using carbon paper 

© Burnish tho Alfac transfors to 

the board using a spatula using 

‘carbon marks to assist in accurate 

alignment 

@ Using ‘Alfeo chemical eraser to 

correct mista 

@ Etch in Ferre Chloride 

£C900/1 0.1* Edge Connector 

£C902/1 0.156" Edge Connector 
0.016" Lines 


0.081" Lines 
0.079" Lines 
0.100" Lines 
0.124" Lines 
0.0317 90° Bends 
0.061" 90° Bends 
0.031" 30°,45°,60° 


0,061" 30°,45°,60° 


0,063" Pads 
0.094" Pads 


0. 

TO-5 Transistor Pads 
IC Pads 

£C997/1 IC Pads with tracks 


between pads 
5 identical shoots in soalod 
pack 
Individual shoots 
Spatula AR4 for bumishing 
Alfac knife 

re Blades (pack of 10) 
Alfac Eraser 
Alfac Procision Grids 
Polyester film, matt finish 
Galanin thiekneee, 20 linea/in 


BE 538 


Jouble Sided Fibregless Board 

ita thickness, 1oz Copper 

5° x 4" 

5" x 8” 

GO FORTH AND 

MULTIPLY 

much quicker with the 

JUPITER ACE 

available ex stock 
£89.95 inc VAT 


., ges. 


LIGHT EMITTING 
DIODES (LED) 


3mm Red TILZ 
mm Groon LO37C 
Panol Clip 
3mm Chrome Bezel 
5mm Red CAY40L 
5mm Green, Yellow 
Panel Clip 
‘5mm Chrome Bozo! 
‘5mm Square Red 
Green, Yellow 
Tri-colour V61BP 
Red Flashing COX21 
3Hz at 6V 


INFRARED 
TIL32 Emittor 
TIL38 Emittor 
TIL7B Phototransistor 
TIL100 Photodiode 


EPSON tend TYPE 
RINTER 


80Ch Pala per Second 


High Resolution 380 Osts/Line 

‘Auto Underlini 

Subscripts and Superscripts 
£320 


Securicor £8 


VIC-20 COLOUR 
COMPUTER 


© SPECIAL OFFER @ 
VIC-20 Colour Computer 
C2N Cassotto Unit 
Introduction to Basic (Part 1) 
VIC Reference Manual 
Domonstration Tapo 
10 Blank Cossottes 
VIC Computing Magezino 


£205 inc VAT 
bereln tes 4 


COM 
64K RAM, 26K ROM, 
25 Lines of 40 Charactors 
16 Colours, 612 x 256 Graphics 
Options — VIC Poriphorals 
Alternative Languages, 
Second Pr 


FESE $F F8¥SsTS¥sFs 


£299 
Socuricor £8 


ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move, 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


—| 


Surname 


T 


Initials 


r 


pirectiAvel! 
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© 24HOUR NORMAL DESPATCH TIME 
© ESTABLISHED 1965 


@ ALLGOODS GUARANTEED BRAND NEW AND 
TO SPECIFICATION 
@ APPOINTED SIEMENS DISTRIBUTORS 
ICs — COMPUTER & ANALOGUE OUTS 
© 7asi6) 37 | 7413. 18 | 74157 30 | 4081 14 | uwge2n 115 | TABIO41W 187 | 0.032768 102 4.915 
COMPUTER | jacsie3 36 | 7414 20 | 74190 48 | 4082 4 tM3800N 60 | TBAI2Z0AS 62] 0.100000 453.000 187 
TALS 74LS164 43 | 7420 15 | 74192 48 | 4093 20 | Lw3914N 200 | TBAI20U 72} 1.000 453 (8.026 128 
acsoo; ai || e4elee. 60 | 7490 14 | 74193 48 | 4510 48 | Cw39isN 200 | TBA400 100N | 1.8432 320 6.000 157 
parsoz, a9.,| 2gtSi88: BS | 740, 14 | 74393 95 | 4511 48 | Nescsv. 23 | TBABOO © 75 | 2.000 = 268.144 157 
74804 2 748173 55 | 7442 2 4511 120 NES56A 45 | TBAIOS 7 2.4576 268 «= «6.5536 128 
7atgoe 2 | 7atsi74 45 | 7443 60 | CMOS 4516 53 | NESO”N 104 | T8A820 75 | 3.2768 168 «8.000 1.88 
matsee | 7aLs175 40 | 7a4a 60 | 4000 10 | 4518 40 | Rcaisina 90 | TBB1458 62] 3.579 128 8.867 128 
7arsog 2 | 7ausig1 60 | 7447 36 | 4001 10 | 4520 6 | Soste. 290 | T8B14588 40] 4.000  — 102.«:10.000 157 
vats} 42 | 7atsi93 40 | 7448 40 | 4002 42 | 4543 120 | So4iP y21 | TCAI0S § 120 | 4.194 128 188 
4814 30 74LS195 39 | 7450 14 | 4006 50 | 4583 130 $042E 364 | TCAI0SB 108 
Tage | 7ats198 48 | 7451 14 | 4007 “4 $042P 138. | TCAI05G 140 | THERMISTORS 
741$20 2 | 74U8197 60 | 7453 14 | 4008 40 | All above prices | $8911.23 | TCA250A 185 | 164 
7arsag | 7aus221 81 | 7454 14 | 4009 24 | are NET and | $1788 31.00 | TCA205K 200 | isk type, 5mm. 
74837 4 74LS240 55 | 7460 14 | 4010 24 shown in pence $187 13,28 | TCA335A 66 dia Resistance 
tee 48 | 7aus2a1 86 | 7470 24) 4011 12 $5668 214 | TCA345A 109] Gt 20°C; 6RB, | LOUDSPEAKERS 
74.s42 2B ‘TALS242 7S | 7472 26 | 4012 16 ‘S576A 235 | TCA345W 177 10, 22, 47, 100, 
7algiz = 2B | 7auS243 75 | 7473 26 | 4013 20 86768 235: | TCAG71 131 | 990, 470, 1K, 
7alsa7 8 | 7aLS244 60 | 7474 2 | 4014 4 | ANAL 8676c 235: | TCA780 211 | 32’ 4k7, 10K, 
7also) 4 | 7aLs245 85 | 7475 32 | 4018 40 | ANALOGUE | s5760 225 | TCAB71 118 | 294" 47k! 100% 
wateia 18 | 74us251 88 | 7476 30 | 4016 20 | 709C5 49 | Si469 468 | TCA95S § 228 | Sach 18p 
7ars7a 38 | 74825343 | 7480 35. | 4017 36 | 709C14 44 | SABo600 302 | TCASGS 136 
74876 19 74LS257 36 | 7482 65 | 4018 45 | 723C14 J $AB3209 497 | TCA965K 170 eae 
bie tt dg | 7418269 84 | 7482 65 | 4019 25 | 74105 67 | SAB3210 311 | TCA971 92 | PIN fis Bhi beatae “ 
yases $8 | 74.8266 28 | 7483, 38 | 4020 42 | 741¢8 qs | Sae3211 168 | TCA091 80. 7 te  Gussan 8 
74890 27 | 748273 60 | 7485 60 | 4021 40 | 74114 47 | sap3271 329 | TCA991K 100 | 7 We Cumapiganne = & 
7arseo 7 | 74ts279 40 | 7486 20 | 4022 36 | 747614 «| SAaB4209 497 | TOA2002 120 | Sumo hp ip 
7asez =F} 748299 260 | 7489, 169 | 4023 14 | 748¢8 35 | SAB8256C TDA2003 126 | SU ap ae kw 0 Go 
Tatsior 40. | 748367 34 | 7490 28 | 4024 32 | 1458C5 62 ‘95,40 | TOA2030 160 | , rea UG 
7argio7 49 | 74usa6a 24 | 7491 36 | 4026 44 | 1458C14 40 | sanio24 16.50 | TOAASOB 144 | > i Soe 
atSiog 3g. | 7ALS373. «84 | 7492 25 | 4026 go | 7106 —450N | SAJI31 238. | TOA4290 169 | Jack russ. sxre iF fs 
faisizs 29: | 74LS374 «= 68) 7493 28 | 4027 20 | 7107 BOON | SAJ141 224 | TOAGG00 184 | come Pi 59 4p 2p RowndsacterS02395H 
74LS126 2 TALS378 60 | 7494 35 | 4028 39 | 555 23 SAJ205 810 | TOA4700A 546 pester Rp Mp Xp VHF/UHF couplers 
7atsi26 27 | 748393 60 7495 35 | 4029 45 | 7555 a6 | Sas23iw 260 | TOAA7IBA 436 | SIF Peat 8 
gateise. «os 7496 40 | 4030 16 | 556 45 | SAS251 142 | TFATOOIW 252 | crore rs ip sae ie socKers 
rateiads * 2 | 7400 7410080 | 4041 44 | CA3046. © 78 | SAS5B0 196 | TLO7ICP 45 | pawehé Wp Ns» BH naan hee 
patsiaz 10 | 7400 11] 74104 40 | 4042 40 | CA3080c 86 | Sass90 196 | TLO7ZCP 75. | Simm we wk ate 
paeies, 2} 7401 11| 74107 22 | 4043 40 | CA3130E 99 | SDABEBOA TLO7GCN 120 | Sew, Me Me Go 
paves, | e7age 42) 74121 24 | 4044 40 | CA31406 55 5.55 | TLOBICP 46 Bie ian 
asian =a. | 2403 12) 74123 40 | 4046 46 | LM301AN 26 | TAA761 104 | UAAI7Z0 165. 109 oN OaSh 
Ttste, «ao | 7404 43) 74125 34 | 4049 23 | LM308N 60 | TAA7G1A 49 | UAAI70L 162 ie Hohe tRN 
tee fa ieee tg 16 | 74126 33 | 4050 23 | LM317k 321. | TAA765A 62 | UAAI80 165 = am taN 
7ae ee eae 1N7408 20| 74141 51 | 4060 45 | LM324N 45 | TAAgGI 103 | UAAISO 141 Tenanade : 
Bavgies, Ao] 7407 20 74151 40 | 4069 14 | LM348N 65 | TAABGSA 59 |XR2206 620 Fane tz, havea 
jausise «= 36 | 9408 14] 74154 60 | 4070 14 | LM380N 75 | TAA2761A 72 | ZN414 85 Sit anmsociet % 
jacsigy? = -30.—«|« 2408 14) 74155 39 | 4071 14 | LM380NB 104 | TAAA761A 113 | ZN424P 9 Pm 00 
7410 14] 74156 40 | 4072 14 | LM381N 145 | TAAG765A 120 | ZN425E 350 Wine we 
Fe Mocnting wnat 
Heke ese 
METERS Zor Mp, 4 way 336 wor 
BOXES Ae We nan ie toansas 
leads, accessories, otc, ee 
PANEL MOUNTING in 60, 100, 500uA; 1, 5, 10, 60, 100, Fe agean 3h 
High quality Black ABS plastic or dio- S00mA; 1A elther model, MANS TYRE ation 
cast plain or stove groy. USSwme ea zsov My by 
Lo Ww D ABS Plain Stove Gr . 
100 60 252002 agp S002P 1179 6002 154p MU Range 
p p P 50 x 45mm 
121 G40 2004 Hap SoosP tezpsaDe 210p e260" POTENTIOMETERS 
152 82 50 2005 134p S0O5P 216p 5005 268p 
192 113 61 2006 236p 5006P 314p 5006 401p , raat 
.swi 
87p. Dual gang (JP20) 4K7 — 1M2 lin, oF 
WERO.RANGE pleas DO & RANGE profesionat nsrument SnseaTAl Teg a oan eo 
47 26 ae, 20KN/V: = 
Wb 50 38 Zigeo Sap 18490 M4 21089 N AC/OCI AY BUDENS oti ihetiae a 
¥ dB/Transis- mm, low cost log Ip. 
180 110 55 21391 18IP G92 170 84 21081 «£14.96 rt = serum’ mono 4K7.—- 1M lin, or log. 74p 


VEROBOX CASES 


to give a completely professional finish to a much valued 


project. 
‘ABS, light grey top; dark grey bottom 

Us 430% an 

205 14040 

205 14075 

205 «140110 

180 120 © 39 

180 120° 65 

180 120 © 90 

165 8539 

165 85 60 

155 8580 

125 «6530 

125 (6539 

125 6550 


TYPE 
21034 
21035 
21036 
21037 
21038 
21039 
21040 
21041 
21042 
21047 
21048 
21049 


+ 2 anodised panels 


ranges: 


130 x 88 x 


37mm 


£16.45N 


SEMICO! 


1N914 03 
1N914B 
1N916 
4N4007 
1N4148 
1N5402 
1N5407 
2N697 
2N706 
2N930 
2N1132 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
2N1599 
2N1613 
2N1711 
2N1893 
2N2218A 
2N2219A 
2N2222A 
2N2369A 
2N2484 
2N2646 
2N2904 
2N2904A 
2N2905A 
2N3053 
2N3054 
2N3055 
2N3405 
2N3663 
3702-11 
2N3771 
2N3794 


INDUCTOR 
2N3B1Y 2 


2N3820 
3823 
2N3904 
2N3906 
2N4036 
2N4058-62 
2N4124 
2N4126 
2N4284 
2N4286 
2N4289 
2N4291 
2N4292 
2N4991 
2N5062 
2N5192 
2N5195 
2N5457 
2N5458 
2N5459 
2N6050 
2N6057 
6F40 
16F40 
40HF40 
40361 DIS 
40362 
40406 
40408 
40412 
40430 
40594 
40595 
40636 
40673 
9903 
AANI3 
AAIIG 
AAIIT 


40 
GON 
18 
6 


Bs; 


BRI eRRsseareyssnn 


axa § 


S 


AANI& 
AANI9 
ACI26 
C127 
ACI28 
ACIB1R 
ACI53K 
ACI76 
ACYI7 
ACY18 
ACY19 
ACY20 
AcY21 
ACY39 
acyat 
AD136 
AD142 
D149 
AD161 
AD162 
ARNG 
ARNIS 
AFIIC 
AFI? 
‘AF124 AF125 
AFI26 
AFI27 
‘AF200 
‘AF239 
‘AF279 
ARYI2 
AEYI6 
AFY180 


oS 


sdasesausanny 


Zagseaged 


37 
7 


310N 


AFY18E615N 
AFY42— 461N 
AUI06 = 240 
AUITIT (use 
AU116) 

AUY22 10,95 
BO140 = -25N 


B0146 
80226 
81906 
BA379 
BAS40-0: 
BAS70-0: 


88409 
BC107A, 
BC108A, 
BC109B, 
BCIZ1W 
BC122Y 
BC125 
BC125 
BC140 
BC141 
BC147A 
BC149, 
BC154 
BC160 
BC161 
BC167A 
BC167B 
BC168A 
BC168B 
BC169B8 
BC169C 
BC1778 
BC178B 
BC179B 
BC182 
BC182L. 
BC183 
BC183L. 
BC184 
BC184L 
BC202Y 
BC212 
BC212L. 
BC213 


BC213L 


BAT14-036 


3 
3 


36 
a 


11.75 
33 
B16 
B,C 16 
C18 
30N 
100 
20 


SSSSRSSSSSBsaaSSSSSSssRsssss 


BC214L, 
BC238C 
BC239C 
BC258B 
8C2678 
BC300 
BC301 
BC303, 
BC327 
BC328 
BC337 
BC338 
BC413 
BC414 
80477 
BC546 
BC547 
BC548 
BC549 
BC550, 
BC556 
BC557 
BC558 
BC559 
BC560 
BC879 
BC8B0 
BCY31A 
BCY58 
BCY70 
BCY71 
BCY72 
B0130 
BD131 
BD132 
BD135 
80136 
B0139 
BD140 
BD644 
80679 
BD680 
BFIIS 
BFI67 
BFI73 
BFI77 
BFI78 
BF2448 
BF254 
BF255 
BF420 
BF421 
BF457 
BF458 
BF459 
BF597 
BFR34A 


RARKLLSSSRRRRK eeSeexvaades shagsessesseseRssrsteeNRnssssss 


cs 
ez 


2 
2B 
119 
192 


24 
24 


BFR39-41 
BFR79-81 
BFT65 
BFT66 
BFX29 
BFX84 
BFXBS 
BFX87 
BFX88 
BFY5O 
BFYS1 
BFY52 
BFY90 
BR34 
BRG4 
BRY39 
BSX20 
BSX26 
BSX63 
BT106 
BT108 
BU105 
BUI24 
BU208 
BUX26 
BUX28 
BUX81 
BUX85 
BUZIOA 
BUZI5 
BUZ20 
BUZ23 
BUZ24 
BUZ32 
BUZ33 
BUZA1A 
BUZA4A 
BUZ45 
BUz48 
BUZ50A 
BUZ54A 
BUZBO 
BUZB3 
BUZB3A, 
BUZB4A 
BY164 
10601 
C0326 


NNSSSERVVBBV 


Bagi 


asxaudedesageee 


88 
==. 


C0340 
407 7 
C0546 | 126N1 
762 40 
C1406 7 
D4 clip for 
C1406 and 
£2506 10 
1046 88 
E1110 76 


£1210 76 
£2506 154 
£8383 20 
MJ2955 90 
MJE340_ 65 
MJE2955 (95. 
MJE3055 70 
MPFI02, 40. 
MpPs6s31 40. 
MPS6534 42, 
MPSAI2 36 
MPSAG3 38 
NAS206S5 81 
OAa7 2 
0A90 10 
0A91 10 
OA95, DIS 
A202 4 
0c28 i} 
0¢29 7 
C35 7 
C36 90 
ocea 2 
PM7A2 373. 
PN70 10 
PN72 05 
Q4006LT 104 
Q4010LT 115 
Q4025H 450 
727000 189 
728000 104 
TAG3-400 100 


TAG209-400 85 
TAG208-600, 


TIC106D 
TIC1O6M 
TIC1260 
T1C2060 
TIC226D 
TIC236D 
TIC246D 
TIP31A 
TIP32A 
TIPAIA 
TIPAIC 
TIPA2A 
TIP42c 
TIP150 
TIP2955 
TIP3055 
TIs43 
u763 
VNIOKM 
VNQ6AF 
VNGBAF 
VN@SAF 
wo2 


Hasasageagecegss 


ubfsagsa 


stereo matched £1.25, Graduated bezels 4p 


1M 13p. 

Preset Cormet rectilinear tyre 89P 1000hm 
— 1m £1.06 each 
Proset Cermet 10mm 
1000hm — 28p 
Plesseyu MPW T moulded carbon 47ohms 
— 2M2 69p each. 


Horiz, or Vert. 


RF Chokes 
4, 1.1, 4.7, 10, 47H 0a 
42p, "100," 24H 53p, 
470uH, 1mH 73p. 
PANELLAMPS Sti Br 8s ss 
my 
LED chrome, 3015F 19 ma 
gem yollow oF KNOBS _ black 
fic astic 
high efficiency) — it 
Filament in red, UN aia be 
arnber, reen OF Kaas KI, 36mm 
6V6E0mA = 48 a 
K3 pointer 15 
Taysoma 4 KT 19 mm rout, 
ed 
pares 43 KBask7 + skint 
groon 16 ” 
Mountings, 865 
DISPLAYS RECHARGEA- 
7-segment BLE CELLS 
Common AA 9p C 227 
anodo, D (4AH) 376p 
MAN72A red 75 = PPS cell (7-2V 
MANB2A yellow 410 
110 =~ PPS charger 
MANS2A gree 
S10 CHARGER 
Common FOR ABOVE 
cathode for any two pairs 
MAN74A red 85 = AA, Cor D No 
MANB4A yellow NC1230 | 820N 
110 BUZZERS 
MANB4A green 6-15V solid 


110 state 70 


elektor february 1983 
CAPACITORS 
Polystyrene, Siemens 


5% Tolerance 160V 
5, 7, 10, 12, 15, 18, 22, 27, 33, 39pF 1p; 
47, 56,"68, 82,10 50, 180, 220, 
270, 330, 390,'470, 560, 680, 820pF, In, 
5 3n3, 3n9, 4n7, 
0p; 5n6, 6n8, 8n2, 10n, 13p 
Ceramic Very smali 1.8, 2.2, 2.7 etc, up to 
Tn §p each. 1n5, 2n2, 3n3, 4n7, 6n8, 5p: 
10n, 22n, 6p; 33n, 47, 7p; 100n, 8p 
Polyester, Siemons ‘Layer Type 7.5mm 
lead spacing 100V 
Jn, 1n5, 2n2, 3n3m 6p; 4n7, 6n8, 8n2, 10 
12h, 16, 18n, 22n, 33n, 47n, 7p 66n, 68n, 
7p; 82n, 100n, 9p 120n, 160n, 16p: 180n, 
220n, 12p: 270n, 330n, 330n, 390n, 470n, 
6p: 560n, 680n, 24p; 10mm spacing 1uF 
15mm spacing 202 3p; 22.6mm, 


P: 
spacing 1uF 400V 50p; 3.33uF 100V 69p; In 
dopth stocks. 


ELECTROLYTICS 


1/63 1000/10 19 
2.2/25 1000/16 26 
22/63 1000/25 38 
47/63 1000/4044 
4.7/100 1000/63 76 
6.8/40 2200/6 09 
10/6 2200/16 44 
10/25 2200/25 

10/40 2200/4073. 
10/63 4700/16 72 
10/100 4700/25 90 


22/10 
22/25 


22/40 TANTALUM 
22/63 BEARS 
22/100 0.1735 13 
47/3 0.22/35 13 
47/10 047735 8 
47/25 10/35 13 
47/40 22/16 3 
47/63 22735 16 
47/0018 47/1616 
100/3 03 4.7/35 18 
too/io = 13.—'—«i 8/1616 
100/16 4 6.8/25 4 
100/25 6 10/6.3 16 
100/40 15 10/16 18 
100/63 2010/28 18 
100/100 27 (22/6.3 18 
220/10. 16 (22/16 30 
220/16 = 1622/26 30 
220/25 = 18 «=: 33/6.3 28 
220/40 20 © 33/10 30 
220/28 = 28S «47/6.3 30 
220/100 42,—100/10 80 
470/10 19 ‘For full ranges 
470/16 19 Of very many 
470/25 19 other types 
470/40 27-~—«please_see Cat 
470/63 45 ~—«82. and/or cur- 
470/100 73—_—rent price list. 
SOLDERING IRONS 


Also large stocks of bits, desoldering 
devices, accessories, etc. 
ANTEX C-240V ' £4.60N;  X,25-240V 
£5.30N; CSBP £5.45N; XSBP £5.56N; ST4 
Stand £1.70N 

ORYX 66 watt temp. controlled £13.75N 
SOLDER 500gm/18SWG £7.60N; Dosolder 
braid 1.5m 54p 


SWITCHES 


Type CK—1P/12. way 


2P/6 1, 3P/4 
way, 4P/3 way 48p; oe 


in Toggles —'$7101 


SPOT 57p; $7201 DPOT 80p; $7301 3PDT 
£1.64; $7203 DPDT 96p; Push Button min, 
8591 mako/8533 break 62p: 6225 DPOT 
DUAL IN LINE ERG colour coded 0.3" x 


" format. On/Off single throw 2P SDS2 
Sap; 4P SDS4 95; 6P SDS6 £1.38; 8P SDS 

.87; 10P SDSO £2.10. Low cost D-I-L 4P. 
‘ONSO4 65p; ONSOB £1.00 

LATEST PRICE LIST 

includes many new additions to items in our 
catalogue. 
CATALOGUE incl 70p refundable vouchor, 
70p post free with prico 


Largo S.A.E. brings pri 


list only FREE 


RESISTORS 


1/4, 1/3, 1/2, 3/4 watt — all 2p each, 10 
of one value 6p 

2% Mullard motal film 6.1 ohms — 300K 5p 
each, 10 of one value 40p 

5% wire wound 3W or 7W, most £12 values 
1.2ohms to 8K2 9p each 10 for 70pN 


CREDIT CARD ORDERS can FY 
be accopted via Mail Order or 
Tolophone. Giro A/c no. 
38/67/4002 


VAT additional at 16% on all UK orders 
FREE POSTAGE and packing on UK 
C.W.O. orders value £5.75 (inc. VAT) and 
upwards, Under £5.75 add 40p (inc. VAT) 

DISCOUNTS on orders over £23.00 — 5% 

££57.50 — 10% 

Not applicable to ‘Net’ items (shown by 
‘Not’ after the price) or to orders paid for by 
credit cards. 


PLEASE MENTION THIS JOUR- 
NAL WHEN ORDERING OR 


WRITING IN TO US 


28 K St, Judes Road, Englefield Gi 


[Also in Manchester for personal shoppers at 
680 Burnage Lani 


Computing Shop North:— 
en °Fr00 Burnage Lani 


Burnage, Manchi 
phone 061-432 4945 


Manchester Telephone 061-431 4866 


ELECTROVALUE LTD 

Head Office, Mail Order Dept and Shop 
in, Egham, Surrey TW20 OHB Telephone Egham 
(STD 0784: London 87) 33603; Telex 264475 


M19 INA 
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you each month. 
To the newsagent: 


If you experienced difficulty in fulfi 
customers order, contact our distributors: 
Seymour Press, 334 Brixton Road, 


London SW9 7AG. 
Surname 


elekitor 


If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 


Up-to-date electronics 
for lab and leisure 


ling our 


Initials 


Street/Ave./Blvd. 
T 


Town 


County/Province/State 


ode/Zi 


Post ci ip/Area code 


Country 


NICADS 

AA 90 p 10 for 

'C' 2 A/H 4 

'D'4 A/H 

‘RR’ (Sub “ 

All vented — suitable for fast charging 
Button Cell Block 


12. V 90 mA/H £3. 
Can be cut down to make PP3 recharge- 
able 


DISPLAYS 
Futaba 4 digit clock fluorescent display 
FLT.02-81 £1.50 
Futaba 8 digit. calculator fluorescent 
display 9-CT-01-3L £1.50 
LCD Clock display . 

Large LCD 4 digit display - 
7 seg. 0.3" comm, cathode 


1) £3.00 
splay SOp 


misc, 

Tok Key Switch 

2 pole 3 keys, ideal for alarms 
Heat Shrink pack 

PTFE Sleeving pack/asstd. 
colours 


Thermal cut-out 50°C or 85°C 
Fan cooled Heat Sink for 10 TO3 
Transistors/ex eqpt. . . £ 12,00 (£ 1.50) 


Stereo Cassette Deck 
» £5,00 (£1.00) 
. £2.50 


£3.00 
24) 


top loading . . 
Stereo Cass. Head 
Mono Head 


Erase Head 50p 


10m7 Ceramic Filter . ‘s0p ha 20. pai 
Vero Pins fit0.1" Vero... 00/50p 
Double sided PCB Pins . + * 100/80p 
TO3 Bushes+Washers 100/£ 2.50 
T0220 Bush+Washer 100/£ 2,00 
UHF Modulator Tuned CH36.. £2.00 


TRW RF Power Transistor 

‘Helicopter’ type 

Min. Toggle Sw, 1pc/o . . 
2pc/o . . 

Standard Toggle 2 pole 

Screw Terms, 6 A 250 V 

D.I,L. Switch 5 pole . , 

4 pole Earth Leakage 

40 mA Trip 

12 V DC Brushless Fan 


2%" sq. x 2” deep, quiet. 
iEC Moulded Mains Lead 6 
Chassis Plug 
2 pole Relay Changeover 
3 pole Relay Changeover 
(Both 240 V AC Coils) 
Mercury Tilt Switch, small 


DIODES 
1N4151 sim. 4148 
1N4148 .. 

183740 Ge . 
1N4004 1 A 300 V 


100/£ 1.25 
+ 100/£ 1.50 

. 100/£ 1.00 
100/£ 3.00 


TRANSFORMERS 
60V5A . 

25-0-25 V 150 V To 
11.5-0-11.5 200 VA 


Charger/50c/s Invertor 
Transformer 

6V+6V3VA.. 
15-0-15 V6 VA 
12.0-12 V 100 mA 


advertisement 


CONNECTORS 

‘D' Connectors 9 way 
(Exeqpt. 15 way 
Price per pair)28 way 


Covers each 
Amphenol 36 way plug + skt , . 
(Centronics) 

0.1" double sided 

32 way, ideal ZX81 


30p 
£2.00 


SCRs 

2N6399A 600 V 10 A 
BTX 95 800 V 154 
35A800VStud... 


TRIACS 

T0220 4 A 400 V 

T2800 8 A 400 V 80p 
25 A 800 V ex eqpt. tested £ 1.25 


RECTIFIERS 

120 V 35 A Stud 
3A100V... 
3A1000V.. oo 
1 A800 V Bridge. . . 
2.5 A 100 V Bridge 
6 A 100 V Bridge 


40p 
12 for £1.00 
6 for £1.00 


REGULATORS 

78P05 5 V 10 ATO3 

LM317T Plastic TO220 Variable £1 00 
7805/12/15/24 40p 
7905/1 2/15/24 


POWER TRANSISTORS 
2N3055C 


iC 
T1P142/147 
TO3 socket .. 


POLYESTER/POLYCARB CAPS 
10n AX 1 

15n RAD 10mm .. 
22nRAD 10mm ,. 
47 RAD1Omm .. 
1u5 P/CARB 15 mm RAD. 
2u2 400 V P/CARB AX . 

2u2 160 V RAD 23mm. . 


00 
» 100/£ 15,00 
100/£ 10.00 


BEAD THERMISTORS 
Glass Bead NTC Res. @ 20°C 
250R 1k2, 4k5, 50 k, 220k, 1m4 


OP. AMPS 
CA 741 TOS Metal . 
LM 31830 V/uS . . 


PHOTO DEVICES 

2N5777 (Photo Darlington). . . 
TIL81 (TO18 Photo Transistor) 
TIL38 Infra Red LED 
OP12262 Opto Isolator 
Photo Diode 2 
MEL12 (Photo Darlington base o/c) 
RPY58 LOR 5 


MULTI-TURN PRESETS 
10R, 20R, 100R, 200R, S0OR 
2k, 22k, 50k, 200k 


— 


MIN. ORDER £2.50 


OFFICIAL ORDERS WELCOME 


UNIVERSITIES COLLEGES » SCHOOLS : GOVT. DEPARTMENTS 


P & P AS SHOWN IN BRACKETS (HEAVY ITEMS) 
50p OTHERWISE (LIGHT ITEMS) 


ADD 15% VAT TO TOTAL 


KEYTRONICS 


332 LEY STREET. ILFORD. ESSEX 
Shop open Mon. — Sat. 10am — 2pm 


TELEPHONE 553 1863 


Hi 
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ELECTRONIC IGNITION 


KITS OR READY BUILT 


IS YOUR CAR 


AS GOOD AS 
if COULD BE 7? 


* Is it EASY TO START in the cold and the damp? Total Energy 
Discharge will give the most powerful spark and maintain full 
output even with a near flat battery. 


4c !s it ECONOMICAL or does it ‘go off” between services as 
the ignition performance deteriorates? Total Energy Discharge 
gives much more output and maintains it from service to 
service. 


Has it PEAK PERFORMANCE or is it flat at high and low revs. 
where the ignition output is marginal? Total Energy Discharge 
gives a more powerful spark from idle to the engines max. 
(even with 8 cylinders). 


* Is the PERFORMANCE SMOOTH.The more powerful spark 
of Total Energy Discharge eliminates the ‘near misfires‘whilst 
an electronic filter smooths out the effects of contact bounce 
etc, 


yx Do the PLUGS and POINTS always need changing to bring 
the engine back to its best. Total Energy Discharge eliminates 
contact arcing and erosion by removing the heavy electrical 
load. The timing stays ‘‘spot on’ and the contact condition 
doesn’t affect the performance either. Larger plug gaps can be 
used, even wet or badly fouled plugs can be fired with this 
system. 


Most NEW CARS already have ELECTRONIC IGNITION. 
Update YOUR CAR with the most powerful system on the 
market - 3% times more spark power than inductive systems - 
3% times the spark power of ordinary capacitive systems, 3 
times the spark duration. 


Total Energy Discharge also features: 

EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER 
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO 
INTERFERENCE, CORRECT SPARK POLARITY and 
DESIGNED IN RELIABILITY. 


IN KIT FORM it provides a top performance system at less than 
half the price of competing ready built units. The kit includes: 
pre-drilled fibreglass PCB, pre-wound and varnished ferrite 
transformer, high quality 2uF discharge capacitor, case, easy 
to follow instructions, solder and everything needed to build 
and fit to your car, All you need is a soldering iron and a few 
basic tools. 

FITS ALL NEGATIVE EARTH VEHICLES 

6 or 12 volt, with or without ballast. 


OPERATES ALL VOLTAGE IMPULSE TACHOMETERS: 
(Older current impulse types need an adaptor). 


The basic function of a spark ignition system is often lost 
among claims for longer “burn times’’ and other marketing 
fantasies. It is only necessary to consider that, even in a small 
engine, the burning fuel releases over 5000 times the energy of 
the spark, to realise that the spark is only a trigger for the 
combustion. Once the fuel is ignited the spark is insignificant 
and has no effect on the rate of combustion. The essential 
function of the spark is to start that combustion as quickly as 
possible and that requires a high power spark. 

The traditional capacitive discharge system has this high power 
spark but, due to it's very short spark duration and 
consequential low spark energy, is incompatible with the weak 
air/fuel mixtures used in modern cars. Because of this most 
manufacturers have abandoned capacitive discharge in 
favour of the cheaper inductive system with it's low power but 
very long duration spark which guarantees that sooner or later 
the fuel will ignite. However, a spark lasting 2000S at 2000 
rev/min. spans 24 degrees and ‘later’ could mean the actual 
fuel ignition point is retarded by this amount. 


The solution is a very high power, medium duration, spark 
generated by the TOTAL ENERGY DISCHARGE system. This 
gives ignition of the weakest mixtures with the minimum of 
timing delay and variation for a smooth efficient engine. 


ye SUPER POWER DISCHARGE CIRCUIT A brand new 
technique prevents energy being reflected back to the storage 
capacitor, giving 3% times the spark energy and 3 times the 
spark duration of ordinary C.D. systems, generating a spark 
powerful enough to cause rapid ignition of even the weakest 
fuel mixtures without the ignition delay associated with lower 
power ‘long burn’ inductive systems. 


3 HIGH EFFICIENCY INVERTER A high power, regulated 
inverter provides a 370 volt energy source - powerful enough to 
store twice the energy of other designs and regulated to 
provide sufficient output even with a battery down to 4 volts. 


tr PRECISION SPARK TIMING CIRCUIT This circuit removes 
all unwanted signals caused by contact volt drop, contact 
shuffle, contact bounce, and external transients which, in 
many designs, can cause timing errors or damaging un-timed 
sparks. Only at the correct and precise contact opening is a 
spark produced. Contact wear is almost eliminated by reducing 
the contact breaker current to a low level - just sufficient to 
keep the contacts clean. 


TYPICAL SPECIFICATION Total Ordinary 


STANDARD CAR KIT £15-90 
Assembled and Tested £26-70 


PLUS 
P.&P. 
£1 (U.K.) 


TWIN OUTPUT KIT £24-55 | prices 


For Motor Cycles and Cars with twin ignition systems include 


Assembled and Tested £36-45| VAT 


=~ €ELECTRONIZE DESIGN 


Dept. J - Magnus EK - Wilnecote 
Tamworth - B775BY 
tel: 0827 281000 


Energy 
Discharge 
140W. 
36mJ 
135mJ 
500uS 


Capacitive 
Discharge 
SPARK POWER (Peak) 

SPARK ENERGY 

STORED ENERGY 

SPARK DURATION 

OUTPUT VOLTAGE (Load 50pF, 
equivalent to clean plugs) 38kV 
OUTPUT VOLTAGE (Load 50pF 

+500k, equivalent to dirty plugs) 26kV 
VOLTAGE RISE TIME TO 20kV 

(Load 50pF) 25S 


TOTAL ENERGY DISCHARGE should not be confused with 
low power inductive systems or hybrid so called reactive 
systems. 
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BK ELECTRONICS 
Prompt Deliveries 
VAT inclusive 
prices 
Audio Equipment 
Test Equipment 


MULLARD SPEAKER KITS 


A PURPOSELY DESIGNED 40 WATT R.M.S. 
BOHM SPEAKER SYSTEM RECENTLY 
DEVELOPED BY MULLARD'S SPECIALIST 
TEAM IN BELGIUM. Kit comprises a Mullard 8” 
Woofer with foam surround and aluminium 
voice coil. Mullard 3” high power dome 
tweeter. B.K.E. built and tested crossover, 
based on Mullard circuit combining low loss 
components, glass fibre board and recessed 
loudspeaker terminals. Recommended cabinet 
size 240 x 216 x 445 mm. 

A. superb sound at a relatively low cost. 
Complete with instructions, Price £14.90 + 


ovp 1000 MONO DISCO MIXER 


: it. A superb fully built and tested mixer/pre-amp with integral power supply. 4 
S10 Rep perk inputs 2 turntables (ceramic cartridge), Aux. for tape deck etc., plus Mic. with 
New 5” 30 watt mini version of above now avail+ _gverride switch, all with individual level controls. Two sets of active tone controls 
able. {bass and treble) for Mic. and main inputs. Master volume control, Monitor output 
Recommended cabinet size 180x155 295mm with select switch and volune control. 

Outputs Main 750 mV Monitor 500 mW into 8 ohms, Supply 220/240V AC5O/60Hz 


Price £13.90 +£1.00 pép per kit. Size224" x Ay" x 24" Price £39.99 + £2.50 PAP 


STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechan 
ism coupled to a record/play back printed 
board assembly. Supplied as one complete 
unit for horizontal installation into cabinet or 
console of own choice. These units are brand 
new, ready built and tested. 

Features: Three digit tape counter. Auto 
stop. Six piano type keys, record, rewind, 
fast forward, play. stop and eject. Automatic 
record level control. Main inputs plus 
secondary inputs for stereo microphones. 
Input Sensitivity: 100mV to 2V Input Im- 
pedance: 68K. Output level: 400mV to both 
left. and right hand channels. Output Im- 
pedance: 10K. Signal to noise ratio: 45dB, 
Wow and flutter: 0.1°o. Power Supply re- 
quirements: 18V DC at 300mA. Connections: 
The left and right hand stereo inputs and 
outputs are via individual screened leads, all 
terminated with phono plugs (phono sockets 
provided), Dimensions: Top panel 5¥%in x 
11¥in. Clearance required under top panel 
2Main, Supplied complete with circuit dia 
gram and connecting diagram. Attractive 
black and silver finish 

Price £26.70 + £2.50 postage and packing. 
Supplementary parts for 18V D.C. power supply 
(transformer, bridge rectifier and smoothing 
capacitor) £3.50. 


9° 


6 prane type keys 


NEW RANGE QUALITY POWER LOUD- 
SPEAKERS (15', 12" and 8°"). These 
loudspeakers are ideal for both hi-fi and 
disco applications. Both the 12 and 15 
units have heavy duty die-cast chassis 
and aluminium centre domes. All three 
units have white speaker cones and are 
fitted with attractive c luminium, 
iground finish) fixing escutcheons 
Specificat.on and Pric 


15° 109 watt R.M.S. Impedance 8ohm 
59 oz magnet, 2” aluminium yoice cot! 
Resonant Frequency 20Hz. Frequency 
Response to 2.5KHz. Sensitivity 978. 
Price £32 each £3.00 Packing and Car- 
nage each. 


12" 100 watt R.M.S. Impedance 8 ohm, 50 oz magnet. 2 aluminium voice coil 
Resonant Frequency 25Hz. Frequency Response to 4KHz Sensitivity 95dB. Price 
£23.70 each. £3.00 Packing and Carriage each, 


8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1%" aluminium voice coil, Resonant 
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92dB. Also available with 
black cone fitted with black metal protective grill. Price; White cone £8.90 each. Black 
cone/grill £9.50 each. P & P £1.25 each. 


PIEZO ELECTRIC TWEETERS MOTOROLA 

Join the Piezo revolution. The low dynamic mass (no voice coil) of a 
Piezo tweeter produces an improved transient response with a lower 
distortion level than ordinary dynamic tweeters. As a crossover is not 
required these units can be added to existing speaker systems of up 
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3" round with protective 
wire mesh, ideal for bookshelf and medium 
sized Hi-fi speakers. Price £3.45 each, 


TYPE 'B’ (KSN1005A) 3") super horn. For 
general purpose speakers, disco and P.A 
systems etc. Price £4.35 each, 


TYPE ‘C’ (KSN6016A) 2” + 5” wide dispersion 
hom. For quality Hi-fi systems and quality 
discos etc. Price £5.45 each, 


TYPE ‘D' (KSN1025A) 2” + 6” wide dispersion 
horn. Upper frequency response retained 
extending down to mid range (2KH2). Suitable 
for high quality Hi-fi systems and quality 
discos. Price £6.90 each, 


TYPE ‘E’ (KSN1038A) 3%" horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi 
monitor systems etc. Price £4.35 each, 


TYPE 'F’ (KSN1057A) Cased version of type 
‘E'. Free standing satellite tweeter. Perfect 
add on tweeter for conventional loudspeaker 
systems. Price £10.75 each, 

U.K. post free (or SAE for Piezo leaflets). 


TYPE 'D' 


TWRESF 


1K.WATT SLIDE DIMMER 


Controls loads up to 1KW 
Compact size 
ae x 3” cane 
i6 
Easy snap in fixing through 
panel/cabinet cut out 
Insulated plastic case 
Full wave control using 8amp 
triac 
© Conforms to BS800 
© Suitable for both resistance 
and inductive loads 
Innumerable applications in 
industry, the home, and discos. 
theatres etc 


Price: £11.70 each + 50p P&P. 
(Any quantity) 


BSR P256 TURNTABLE 
P256 turntable chassis @ S shaped tone arm 
© Belt driven @ Aluminium — platter @ 
Precision calibrated counter balance ® Anti 
skate (bias device) @ Damped cueing lever 
@ 240 volt AC operation (Hz) @ Cut out 
template supplied @ Completely manual arm 
This deck has a completely manual arm and is 
designed primanly for disco and studio u 
where all the advantages of a manual arm are 
required 
Price: £28.50 + (2.50 P&P 


vp POWER AMPLIFIER MODULES 


Matching 3-way loudspeakers 
and crossover 
Build a quality GOwatt RMS system Bohms 


Build a quality 60 watt R.M.S. system 
& 10” Woofer 35Hz-4.5KHz 

* 3” Tweeter 2.5KHz-19KHz 

%* 5” Mid Range 600Hz-8KHz 


Maven nnone 
Sane On ewane 
eee ee 


N 
MEMBRANE KEYBOARDS 
manufactured from a tough poly 
carbonate film mounted on Imm 
glass fibre printed circuit board 
assembly incorporating silver plated 
contacts. 

16 way numeric keyboard 
Standard keyboard providing 0-9 


and A-F functions. 
Size: 100mm x 100mm Price: £6.99 + 35p p&p 


Alpha Numeric Keyboard Full 
size 85 key non encoded keyboard 
with the commonly required 
functions in a Qwerty array. Matrix 
output via a 16 pin DIL socket 


Sizo: 350mm x 102mm Price: £13.99 +-50p p&p 


100 WATT R.M.S. AND 300 WATT R.M.S. 
MODULES 

Power Amplifier Modules with integral toroidal 
transformer power supply, and heat sink. Supplied 
as one complete built and tested unit. Can be fitted 
in minutes. An LED Vu meter is available as an 
optional extra. 


SPECIFICATION: 
Max Output Power: 110 watts R.M.S. (OMP 100) 
310 watts R.M.S. (OMP 300) 

Loads: Open and short circuit proof, 4-16 ohms, 
Frequency Responso: 20Hz — 25KHz +348. 
Sensitivity for Max. Output: 
500mV at 10K (OMP 100) 1V at 10K (OMP 300) 
T.H.D.: Less than 0.1% 
Supply: 240V 50Hz 
Sizes: OMP 100 360 x 115 x 72mm 

OMP 300 460 x 153 x 66mm 
Prices: OMP 110 £31.50 each + £2,00 P&P 

OMP 300 £89.00 each + £3.00 P&P 

Vu Meter £6,50 each + 60p PEP 


x 3-way crossover 6dB/oct 1.3 and 6KHz 
Recommended Cab-size 26” x 13” x 13” 


Fitted with attractive cast aluminium fixing es 


cutcheons and mesi protective gulls which are 
removable enabling a unique choice of cabinet 
styling Can be mounted directly on to baffle 


with or without conventional speaker fabrics 


All three units have aluminium centre domes. 


and rolled foam. surround 


Crossover com 


bines spring loaded loudspeaker terminals and 


recessed mounting panel 


Price £22.00 per kit + £2.50 postage and pack 


ing Available separately, prices on request 
12'’ 80 watt R.M.S. loudspeaker. 

A superb general purpose twin cone loud 
speaker. 50 oz. magnet. 2. aluminium 
voice coil. Rolled surround. Resonant fre 
quency 25Hz. Frequency response to 
13KHz. Sensitivity 9548, Impedance 8ohm 
Attractive blue cone with aluminium 
centre dome. 

Price £17.99 each + £3.00 P&P. 


B.K. ELECTRONICS ccm: cx 


37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY 


oS ce 
VISA 
Wo 


%& SAE for current lists. % Official orders welcome. % All prices include VAT. % Mail order only. %& All items packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 
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Talking to computers 


by Brian Pay, National Physical 
Laboratory, London 


Speech is the quickest and 
most natural form of human 
communication. So, the best 
way of improving our interface 
with computers and other 
machines, to get the utmost 
from the microcomputer power 
now available to us, is to 
develop systems that recognise 
natural, continuous speech 
without need for special 
enunciation or unnatural pauses 
between words. Through 
research at the UK National 
Physical Laboratory, we may 
expect to see such systems 
appear within the next few 
years. 


For more than 50 years scientists 
have been fascinated by the idea of 
getting a machine to understand 
speech. We may assume that the 
interest was, at first, mostly aca- 
demic, because no application of such 
a device was seriously considered. We 
can also certainly say that the tech- 
nology available to the pioneers was 
very primitive by today’s standards. 
So, when the word computer entered 
our vocabulary, nobody thought it 
would be useful to speak to one. 
After all, computers were gigantic 
pieces of electronic machinery, some 
as big as 10 double-decker buses, 
with scarcely more power than a 
programmable pocket calculator that 
we can now buy for a little less than 
£100. 

But the technology moved very rap- 
idly: computers became smaller, more 
powerful and more sophisticated. 
More important, their cost fell to the 
point where we are now able to de- 
sign equipment to do tasks that are 
very complex indeed and to behave 
almost as if it were intelligent. With 
computer power spreading accross 
disciplines and professions as diverse 
as medicine, aviation, banking, in- 
surance, engineering, police work, 
education and so on, it has become 
more and more important to im- 
prove communication between man 
and computer. 

We could see this need arising in the 
late 1950s and the early 1960s, with 
the introduction of so-called high- 
level programming languages that 
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were nevertheless simple to use and 
the development of machines to rec- 
ognise the type-written word. A dec- 
ade later there was a surge in research 
into speech recognition. Today, the 
general belief is that it will have to be 
as commonplace to talk to a com- 
puter as it is to make a telephone call 
if we are to get the best from the 
microcomputer power now at our 
finger-tips. The problem is no longer 
academic; the rewards for success 
will be high, 


Flow of words 

Why then, with all the research that 
has been done, has the problem not 
been solved? To answer this question 
it is probably best to reason ‘from 
the top down’, Let us consider a task 
that seems quite trivial but is really 
extraordinarily difficult, such as 
simply dictating a letter to a speech- 
driven typewriter. If | were to say to 
you ‘Catalogue four feet long’, you 
would think it nonsense. But imagine, 
if you will, that you are a tree-feller 
being instructed by foreman: you 
would probably hear me say ‘Cut a 
log four feet long’. The acoustic dif- 
ference between the two phrases is 
so small that we must rely on other 
clues, in this case our environment, 
to discern the correct meaning. 

If | were to say ‘There were six...’ 
you might decide, at that instant, 
that | have just said the word six. But 
if | continue ‘...teen...‘ you 
change your first decision to the 
other word sixteen, If | continue a 
little further with ‘... agers’ the 
whole phrase becomes ‘There were 
six teenagers’ and you realise that 
your first guess, the word six, was 
correct. 

Yet another example is a news item 
on the radio: ‘The Government is 
considering attacks on merchant ship- 
ping’. This might well have been true 
in 1940; but was not the news-reader 
really saying ‘The Government is 
considering a tax on merchant ship- 
ping? 

From these examples we can make 
fundamental observations. First, 
there is no correlation between pro- 
nunciation and the way words are 
spelt. Second, spoken words flow 
into each other, whereas in written 
language there are convenient spaces 
between them. Third, we cannot 
extract meaning from a message 
without using a great many clues: in 
One case, our environment; in the 
next, subject matter or context and, 
in yet another case, the state of 
international affairs. Fourth, and 
most important, every legitimate 
word in our language is likely to 
appear as a ‘rogue’. In the examples 
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already given, the legitimate words 
(catalogue, sixteen and attacks) were 
all rogues; our language, and most 
other languages, are littered with 
them. 

In general, this attribute of the 
language does not confuse us too 
much (indeed, comedians capitalise 
on it). This is because we have a wide 
knowledge of our world. On the 
other hand, a computer’s awareness 
may be as restricted as that of a rab- 
bit which spends the whole of its life 
in the same hutch, with a basic ex- 
perience no more than that of an 
infant. 


Specific task 

So it would seem our secretaries are 
not yet redundant. But is it possible 
to make any useful advance? Well, 
when we identify the problems we 
can set about eliminating them by 
placing constraints on either the user 
or the machine. The obvious one 
is to rectrict the computer to one 
specific task, such as explicit collec- 
tion of data, which may have to do 
with, for example, temperature 
readings, contour data in map 
reading, and so on. The job may be 
to acquire information from a data 
bank, perhaps covering warehouse 
stocks, social security records, train 
or aircraft time-tables and move- 
ments; or it may cover heuristic 
applications, in which problems are 
tackled by trial and error, of the sort 
often found in banking, insurance, 
police work and medicine. Alterna- 
tively, the application may be in the 
control of a system where, as often 
as not, the operator’s hands are 
already fully occupied: one such 
example is control of an aircraft. 
None of these applications depends 
upon the direct use of speech, but 
in general they all depend upon the 
supply of certain special knowledge 
or expertise. If we are to improve the 
interface by introducing speech, the 
operator must be free to speak ina 
way that is entirely natural. It would 
be disadvantageous and, perhaps, 
dangerous to apply constraints to the 
user, and we have to bear in mind 
that even highly-trained operators 
who are called upon to speak clearly, 
such as air traffic controllers, find it 
difficult to maintain a rigid verbal 
discipline. Many people, quite un- 
consciously, tend to prefix their 
words and phrases with ‘ers’ and 
‘ums’ and we all prefer to run words 
into each other rather than pause 
distinctly between them. A good 
example is the way we pronounce 
numerals: try saying your telephone 
number with a well-defined pause 
between each digit. 
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Block diagram of the NPL speech-recognition system. Its heart is the block at the lower 
left, the only module that needs to be chosen according to the application. It issues 
directives to the rest of the system, digests incoming information and controls the 
information fed to the user via the feedback channel. It needs to be completely ‘aware’ 
of what is important, and how important, in the specific application. The linguistic 
feature analyser extracts from the speech only the important content, disregarding 
irrelevant characteristics such as whether the voice is male or female, or whether the 
speaker has a head cold. The signal is then classified into linguistic features which are 
stored in the short-term memory (STM). A word-comparison logic module compares 
features in the STM with words in the vocabulary and stores possible and probable 
results in the intermediate-result store; this logic is controlled by the application 
system, which decides which words need be compared, thereby removing a large 
amount of ambiguity. Fundamental language rules (for example, how words can flow 
together) are applied to the signal from the immediate-result store by the next module, 
which also applies rules explicity to do with the application (supplied by the appli- 
cation system); the processed information is finally fed back to the system. The con- 
text channel fixes which words in the vocabulary module are relevant: for example, in 
‘what day of the week is it?’ the context has determined that only the names of days 
matter. Syntax information governs the form the operator is expected to use and leaves 
the system aware only of the base syntax: for example, ‘shut door’ is the artificial 
syntax of, say, ‘please shut the door’. Semantics information relates directly to meaning 
within the application: ‘429 degrees’ is, for example, meaningless as a compass bearing, 
and ‘a person with grey hair and balding’ cannot be ‘sixteen’. (People use may clues to 


apply semantics). The application system is, of course, the computer itself. 


Speech algorithms 

To aggravate the problem, it is by no 
means certain that all the users of a 
system would realise that there were 
constraints imposed and, if so, pre- 
cisely what they were. This makes 
for a very low integrity of interface. 
It is to this aspect of the speech 
recognition problem that we have 
directed most effort. 

So, while other researchers have 
applied constraints to the user in 
various degrees, we have been firmly 
of the opinion that constraints other 
than natural ones always create other 
problems. Having adopted that ap- 
proach, we have built up many years 
of experience and we are now able 
to use speech naturally by employing 
what we call continuous speech algo- 
rithms. This term may perhaps be 
too simple a description, for the de- 
sign of the algorithms, which are pre- 
scribed steps in computer processing 


of the input data, takes into account 
a great deal of information about the 
way the language is constructed and 
how it is spoken. One important 
thing that has to be taken into ac- 
count is the enormous amount of 
acoustic data that we emit whenever 
we speak, so we have to know how 
the language is constructed if we are 
to eliminate all those data that are 
not essential. It means that we have 
to know the language’s phonetic de- 
coding rules and those that govern 
the way it is ordered. 

Obviously, the sounds we make 
depend on our vocal mechanism. 
Because we all have similar mechan- 
isms, the basic amount of data we 
produce is independent of whatever 
our native language might be. We 
call the sounds we make ‘linguistic 
features’ and they become encoded 
into the language we speak. Once we 
can capture and identify them, the 


subsequent part of the speech 
recognition process is, of course, 
peculiar to that language. 

Written language and their alphabets 
are interesting, too, in the context of 
our problem. Both the Cyrillic alpha- 
bet, used by certain Slav people and 
by the Russions, and the socalled 
English Initial Teaching Alphabet 
(ITA) contain about 40 symbols and 
are phonetic, each symbol being 
known as a phoneme and represent- 
ing a spoken sound. The definition of 
a phoneme is ‘a unit of significant 
sound in a given language’, but a 
more precise definition would be ‘a 
unit of sound, within a word, that 
would, if replaced or removed, 
change the meaning of the word. 


Context 

It is a remarkable coincidence that 
all languages use about 40 phonemes; 
there is no obvious reason why. 
Nevertheless, the foregoing defi- 
nitions show that the phoneme is a 
symbol of information that cannot 
be independent of the language. In 
other words, no phoneme can be 
defined without stating the language 
to which it belongs. As with words, 
which are obviously language-depen- 
dent, there is no convenient way of 
telling where one phoneme ends and 
the next one begins in natural, 
flowing speech. Speech has, indeed, 
more in common with handwriting 
than with printed text, for the 
printed words have clear spaces 
between them. But in handwriting, 
individual characters are often diffi- 
cult, and even impossible, to identify 
when its companions on both sides 
are covered from view. Indeed, hand- 
writing and speech are fully under- 
stood only because we bring other 
clues into play, the most important 
being that of context. It appears 
that language evolves through certain 
contextual rules by which we need 
articulate fully only those words or 
parts of words that carry the more 
important information. For example, 
you would understand someone to 
say ‘Please shut the door’ even if the 
word ‘the’ were not said at all. It is 
quite usual for there to be only a 
slight acoustic disturbance between 
‘shut’ and ‘door’. Nevertheless, 
we may expect to see speech-recog- 
nition systems appear, within the 
next few years, which will respond to 
our talking to them in a completely 
natural way. When that comes about, 
we shall be a great deal nearer to the 
ideal, ‘friendly’ computer interface. 
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Prelude (part 1) 
elektor february 1983 


the 
preamplifier 
of the Elektor 
XL system 


Figure 1. The block diagram 
of the Prelude preamplifier 
shows the operational 
blocks of the completed 
unit. The “bare minimum” 
is the MM preamplifier, 
high-level (“line”) ampli- 
fier and the power supply. 
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It is impossible to design a perfect preamplifier — one that will suit 
everyone’s taste. But there’s no harm in trying! For our XL system, we felt 
that the best was just good enough. We didn't skimp on components, and we 
included almost every feature we could think of. At the same time, all the 
‘features’ are optional: if you don’t want them, leave them out! 
Furthermore, anyone who feels the urge to re-design some section or other 
should welcome the modular concept that is used throughout. 


Prelude ....., 


Our basic concept for the XL system was to 
achieve the highest possible quality for home 
construction, without expensive test equip- 
ment. With respect to quality, it should be 
noted that most of the modules in the XL 
system contain considerably more compo- 
nents than is usually the case in projects 
for home construction. The Prelude is no 
exception. However, one should not be 
discouraged by the large number of com- 
ponents; construction is facilitated by a 
detailed description and modular design. 
Furthermore, the circuit is designed so 
that Prelude can be configured according 
to one’s personal desires. Any sections 
considered to be superfluous can be omit- 
ted, 

Since the Prelude preamplifier is a fairly 
involved project for home construction, 
we have had to subdivide the entire de- 
scription into several chapters. In this 
issue we will begin with the description 
of the entire circuit using a block diagram, 
with the power supply, the connecting 
board and the headphone amplifier. The 
latter will be assigned an article of its own, 
because it is also very suitable for applica- 
tions in or with other preamplifiers. 


The modules 


It is logical to begin with a description of 
the entire circuit of the Prelude and its 
operations in general. Clearly, the most 
important task for a preamplifier is to 
provide sufficient signal amplification 
without distortion. Furthermore, the user 
must have the facility to select various 
signal sources and match their levels. This 
particularly applies to pick-ups. In the hi-fi 
world in recent years there has been a 
growing trend to omit everything that is 
not absolutely necessary. The argument 
is that unnecessary equipment can only 
contribute to distortion and/or noise. 
Without challenging this statement, it is 
nevertheless true to say that there are also 
hi-fi enthusiasts who expect their preampli- 
fiers to be suitable for various tape units, 
to provide wide tone adjustments, and so 
on. There are no objections to this approach, 
as long as the quality is not impaired and all 
"extras’’ in the signal path can be bypassed. 
This is the case with the Prelude. It will meet 
practically all requirements. In constructing 
this preamplifier, modules that are con- 
sidered to be necessary can be incorporated 
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and the others can be omitted. It is there- 
fore just as possible to construct a basic 
preamplifier. In its fully expanded version, 
Prelude is even equipped with remote 
control. It should be noted, however, that 
in this case the term hi-fi can only be ap- 
plied with reservations. This is the price that 
must be paid, even today, for operating con- 
venience, 

Figure 1 is a greatly simplified block diagram 
of the entire Prelude. The diagram clearly 
shows which blocks are essential for signal 
processing and which ones can be considered 
as extras”. In general, the circuit is based 
on a tone control facility and a high-level 
“line” amplifier, supplemented by an MM 
and/or MC amplifier, as required. Of course, 
the tone control circuit can also be omitted. 
The remote control facility, status indicator 
and headphone amplifier do not affect signal 
processing and can be added if desired. The 
power supply is of course essential. 

Power supply. The power supply for the 
Prelude must provide the operating volt- 
ages for the different stages of the circuit; 
these must be stable, free from noise and 
ripple and must be symmetrical. 

MC preamplifier. This type of amplifier 

is required if the record player pick-up is 
of the moving coil type. An MC pick-up 
only provides a very low voltage (approxi- 
mately 100...200yV). The MC pre- 
amplifier amplifies this signal to the level 
required by the MM (moving magnet) 
amplifier which follows. This is a sym- 
metrical amplifier with outstanding audio 
characteristics and low noise. Its amplifi- 
cation can be matched to appropriate 
pick-ups. 

MM (or MD) preamplifier. This amplifier 
is required for MM and for MC pick-ups 
(see above). The necessary RIAA equal- 
isation is obtained with an active filter for 
the low frequencies and a passive version for 


the high frequencies. This circuit principle 
offers some advantages in comparison with 
conventional MM preamplifiers, and it is 
often used in top quality equipment. 


Tone control facility. This has an adequate 
but not excessive range of adjustment with 
selectable cutoff frequencies for treble and 
bass, providing a wide range of possibilities 
of affecting the tone. This entire block can 
be bypassed if desired. 

High-level (line) amplifier. This amplifier 
has the task of providing linear amplification. 
It contains the balance and volume controls. 
Headphone amplifier. This is a must for 
intensive and private listening pleasure. The 
unit delivers adequate power for headphones 
with an impedance of 8... 600 Q. It is also 
a true class A amplifier. 


Status indicator. This circuit provides a 
visual indication of the signal levels at the 
outputs of the preamplifier. Three LEDs 
are used to indicate the ON-condition of 
the Prelude, presence of an output signal 
and overdriving of the power amplifier 
(or if a preselected level is exceeded). 
Remote control. This is an extra for hi-fi 
buffs who appreciate such convenience 
and enjoy operating their equipment from 
the comfort of an armchair. This is, of 
course, a cordless remote-control circuit 
and is accommodated in a handy control 
box. The receiver is situated in the pre- 
amplifier housing, where it executes the 
control and switching functions. The remote 
control circuit can be used to control 
volume, balance, treble and bass, and to 
select one out of four input signals. It is 
also possible to switch other equipment 
on and off, If the remote control facility 
is switched off, the full quality of the 
preamplifier is once again available. 

The description has only covered the most 
significant points, Further details can be 
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Figure 3. The complete 
Prelude. The bus board 
accommodates all switches 
and potentiometers and, in 
conjunction with the front 
panel, forms akind of basic 
board. The individual mo- 
dules (amplifiers, connec- 
tions, power supply, status 
indicator) are mounted on 
the bus board at a right 
angle and electrically 
connected to it using 

short lengths of wire. 


Tone control p.c.b, Line amplifier p.c.b. Hoadphone p.c.b. Power supply p.c.b. 
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Figure 4. The power 
supply circuit of the 
Prelude. In order to 
provide the greatest poss- 
ible rejection of crosstalk 
between the left and right 
channels, each channel is 
provided with its own 
power supply. 

There is also a ‘power’ 
circuit for the headphone 
amplifier, status indicator 
and remote control. 


The advantage of IC volt- 
age regulators is obvious: 
how else could you mount 
three complete symmetri- 
cal power supplies on a 
single p.c. board? 

Note the small heatsinks 
for IC1 and IC2. 


2-21 


Prelude (part 1) 
elektor february 1983 


Figure 5. Track pattern 
and component layout for 
the power supply printed 
circuit board. 1C1 and IC2 
are fitted with small heat- 
sinks. Outputs A and B 
should be connected to the 
corresponding terminals on 
the bus board. 
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found in the construction information. We 
would like to point out that all the ampli- 
fiers (MM, tone, line and headphone) are 
of the discrete operational amplifier type. 
This is a high-quality circuit principle 
which is particularly reliable for home 
construction. 

Since the entire circuit diagram of the 
Prelude would fill three or four pages of 
the magazine, we are providing a more 
convenient compromise in figure 2. The 
blocks from figure 1 were incorporated in 
this diagram. The many switches and con- 
necting leads are particularly noticeable, 
and we shall refer to these again in the 
construction details for the Prelude. First, 
however, here are some comments on this 
extended block diagram. 

Connected in parallel with the MM input 
sockets are other sockets which are in- 
tended to accept "adapter plugs”. These 
plugs contain a resistor or a capacitor 
which, when combined with the impedance 
of the pick-up, form a suitable input im- 
pedance for the MM preamplifier. Switch 
S1 is used to select MC, MM1 or MM2. 
Since the signals applied to this switch 
are of a very low level, it is situated in the 


immediate vicinity of the input sockets 
on the rear panel of the preamplifier housing. 
The MM preamplifier is followed by the 
input-signal selector switch S2.A preset 
potentiometer is connected in series with 
each input, allowing the levels of the various 
signal sources to be adjusted to each other 
at this point. Two outputs are provided for 
tape recordings: TAPE REC 1 and TAPE 
REC 2. The various signal sources can be 
switched independently to each of these 
two outputs, by means of S8 and $9. S3 
switches the remote control on and off. 
S10 serves for "patching in” an external 
device, such as an equaliser. S11 is for 
selecting mono or stereo. The ’’tone ad- 
justment”’ block can be switched off with 
$12. The volume control P9 and balance 
control P8 are located after the high-level 
amplifier. Also situated at this point is 
switch S6 for attenuation of the output 
signal by 20dB (MUTE). S7 allows the 
output signal to be disconnected from the 
power amplifier, to allow listening with 
headphones only. 


The circuit in practice 
Point-to-point wiring in a preamplifier 


containing this number of switches and 
potentiometers would tend to encourage 
faulty connections. For this reason we have 
developed a bus board whose tracks represent 
almost all the connecting leads shown in 
figure 2. This bus board also serves as a 
mouting board for all the switches and 
potentiometers. The preamplifier is con- 
structed in modular fashion. This means 
that each block in figure 2 is constructed 
on a separate printed circuit board. The 
different modules are connected with the 
bus board. 

Figure 3 clearly shows the assembly of the 
different printed circuit boards for the 
Prelude. A special connecting board pro- 
vides the connections between the input 
sockets at the rear and the bus board behind 
the front panel. As with the connecting 
board, some of the module boards are 
fitted with smaller boards to accept the 
corresponding sockets. As can be seen, 
every effort has been made to reduce the 
amount of wiring. 

This modular design makes it possible, for 
example, to omit the MC board, the remote 
control board, the headphone board or the 
status indicator board. In this case, it is 
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Parts list 
for figure 5 


Capacitors: 
C1,C2 = 2200 w/25V 
C3,C4,C7,C7', 
C9,C9' = 330n 
C5,C6,C8,C8', 
C10,C10' = 10 4/35 V 


Semiconductors: 

D1..,D4= 1N4001 
1€1,1C3,1C3' = 7815 
1C2,1C4,1C4' = 7915 


Miscellaneous: 
Tr1 = mains transformer 
2x15... 18V/0,5 A sec, 
2 heatsinks for 
1C1 and IC2 (SK 13) 
$13 = double-pole 
mains switch 


Figure 6. The ‘‘circuit” of 
the connecting board 
merely consists of 8 preset 
potentiometers and 16 
input and output sockets. 
The leads are wired from 
the bus board behind the 
front panel to the sockets 
at the rear. 


2-23 


Prelude (part 1) 
elektor february 1983 7 


Figure 7. Track pattern 
and component layout of 
the connecting board. This 
consists of two parts which 
must be separated: the 
socket board and the actual 
connecting board with the 
preset potentiometers. 
Interconnect the terminals 
with the same designations. 
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Parts list 
for figure 7 


Resistors: 

P2...P5,P2'...P5'= 
220 k preset 
potentiometer 


Miscellaneous: 


16 Cinch sockets with 
screw mounting (metal) 
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One good photo explains 
more than a thousand 
words, when it comes to 
such a complicated 
mechanical construction as 
this connecting board! 


Next month: 

= bus board 

= front panel 

@ line amplifier 
= signal indicator 
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merely necessary to insert a few wire links 
into the bus board. 

Figure 3 also shows that a total of 10 boards 
are needed for the full circuitry. This is a 
fairly involved project and the description 
has therefore been distributed over several 
articles in Elektor. This month we will be 
dealing with the power supply, the connec- 
ting board and headphone board. This 
article contains the descriptions and track 
patterns for the power supply and connec- 
ting boards, The headphone amplifier will 
be covered by a separate article. 


Power supply 

Figure 4 shows the circuit diagram of the 
power supply. Six integrated voltage regu- 
lators ensure stability of the d.c. voltages 
required. In fact only two voltages are 
needed: +15 V and —15 V. It is good design 
practice, however, to separate light loads 
from heavy loads. For this reason, the head- 
phone amplifier, remote control and status 
indicator are powered by IC1 and IC2. These 
lines are marked +B and —B. Since the 
headphone amplifier draws considerable 
current in class A operation, IC] and IC2 
must be fitted with heatsinks. 

All stages involved in signal processing 
(MC, MM, tone and line) have two separate 
stabilising circuits, one for the left channel 
and one for the right channel. IC3 and IC4 
supply the symmetrical operating voltage 
for the left channel and IC3’ and IC4’ are 
assigned to the right channel. Capacitors 
are wired in the vicinity of the regulator 
ICs to suppress possible interference at that 
stage. The other components, mains switch 
$13, mains transformer, bridge rectifier and 
electrolytic capacitors Cl and C2 require 
no special commentary. 

The circuit is constructed on the board 
shown in figure 5. [C1 and IC2 are fitted 
with heatsinks, Once the circuit has been 
constructed and inspected, the power supply 
can be tested. Connect the transformer and 
measure the voltages at points +A, +A’, +B 
(these are +15 V) and —A, —A’, —B (these 
are —15 V), against ground. Perform a load 


test using 68 {2/5 W resistors for + and — B 
and 220 Q/1 W resistors for +A and +A’, 
This printed circuit board can now be put 
to one side and components can be fitted 
to the connecting board. 


Connecting board 


The connecting board contains all paths 
between the bus board and the inputs and 
recording outputs. Also fitted to this board 
are the preset potentiometers (except for 
those for MM). Figure 6 shows the "'circuit”’ 
of the connecting board: it consists of a 
number of tracks and a few preset potentio- 
meters. Of course, these preset potentio- 
meters can be replaced by wire links or a 
potential divider consisting of two resistors. 
The advantage is a reduction in noise. 

The printed circuit board in figure 7 consists 
of two parts: the actual connecting board 
and a board to which the sockets are fitted. 
It must be separated into these two parts, 
and the 16 sockets and 8 preset potentio- 
meters must then be installed. Once the 
phono sockets have been fitted to the 
socket board, the solder lugs can be con- 
nected to the corresponding terminals on 
the board with short lengths of wire. The 
preset potentiometers must be of the 
vertical type. Once the completed board 
has been installed in a housing, they must 
be accessible from above or below to allow 
adjustments to be made. When purchasing 
them, therefore, one should ensure that the 
preset potentiometers can be adjusted from 
both sides. Incidentally, they should be 
positioned in such a way that the signal 
level increases when the wiper is rotated 
anti-clockwise, viewed from above. The 
terminals of the socket board and of the 
actual connecting board are connected 
according to the proper designations, using 
short lengths of wire. 

There is not much that can be tested here; 
a visual inspection should be sufficient. 
Finally, the finished construction can be 
put to one side and we can turn our atten- 
tion to the headphone amplifier, described 
elsewhere in this issue. K 


Recently, the growth in the number of video hobbyists has kept pace with that ] 


of computer ‘freaks’. For this reason, we would like to devote more articles to 
the field of video in future. The colour modulator presented here will also be of 
interest to computer fans; it is driven from the RGB output of a personal 
computer, thus enabling the domestic TV set to reproduce the pictures and 


‘home-composed’ audio. 


VAM- 


video/audio 
modulator 


First of all, let us answer the question: What 
is avideo modulator? This could be described 
as a kind of miniature TV transmitter which 
processes a video signal in such a way that 

it is suitable for application to the aerial 
input of a conventional TV set. It is an 
essential element in a TV games computer, 
for example, or a test pattern generator. It 
is also required by a Videotext decoder or 
TV terminal for a personal computer. 
Several video modulators have already been 
published in Elektor. However, the last 
design dates back to the October 1978 issue 
and is not suitable for colour applications. 
Moreover, it cannot be used for audio and 
the sound must be applied to a separate 
amplifier. This means that the sound section 
of the TV set remains silent, which is a 
pity. It is not an elegant solution from the 
technical point of view. 


These various factors prompted the design 
of a new circuit which is suitable for modu- 
lating both video and sound, The circuit 
is of such universal design that it can be 
used for a wide number of applications. 


Design 

The intention is for the user of the VAM 
to be able to convert the RGB signal gen- 
erated by this hobby computer, test pattern 
generator or other source into a video 
signal of his choice. This was a basic require- 
ment of the VAM in the development 
stage. The circuit was to be equipped with 
digital R(ed), G(reen), B(lue) inputs, a 
separate audio input, and a video output. 
After some reflection, the ‘Teletext Decoder 
published in the November 1981 issue was 
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colour 
pictures and 
sound from 
your personal 
computer 


Figure 1. The two most 
important components for 
the VAM miniature colour 
TV transmitter: LM 1886N 
(video matrix and D/A 
converter) and LM 1889 N 
(video modulator). 
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chosen as a suitable basis for our design. 
After minor modifications and a somewhat 
different arrangement, we achieved our 
objective — the VAM. 

The circuit’chiefly consists of two special 
ICs whose internal block diagram is shown 
in figure 1. The LM 1889N is the heart of 
the circuit. This IC contains a complete 
colour modulator which is capable of 
‘composing’ a colour video signal from a 
brightness (luminance) signal Y (at pin 13) 
and the R-Y and B-Y signals. The LM 1889 N 
also contains an oscillator for generating the 
sound carrier. This sound carrier is mixed 
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with the video signal via pin 12. 


The LM 1886N integrated circuit serves as 
a converter. In addition to a matrix for 
generating the Y, R-Y and B-Y signals 
required by the LM 1889N, this IC has 
inputs for colour modulation according to 
the PAL system. Three digital inputs are 
provided per colour (Red, Green and Blue), 
corresponding to 9-bit colour data; this is 
adequate for all possible applications. 


The circuit © 

Figure 2 shows the combination of the two 
ICs into a ‘miniature colour-TV power 
encoder’. 


The different inputs can be seen on the left 
of the figure. The most important ones are 
the 9 RGB inputs, sync input and audio 
input. The VHF and video outputs are on 
the right of the figure. They can be optionally 
selected by means of Sl. The LM1886N 
and LM 1889N are designated heré as IC1 
and IC2 respectively and interconnected via 
lines B-Y, R-Y, bias and Y. ICs 3, 4 and 5 are 
needed to able to obtain the burst-anable 
(burst) and H/2 (for the PAL switch) signals 
required for generating a PAL video signal. 
Additionally, a blanking pulse (BL) is 
generated with these ICs; this suppresses 
the picture information during vertical 
synchronisation. 

However, the pulse is only required when no 
external BL signal is available. We shall 
examine this in more detail later. 

The audio modulator in the upper part of 
figure 2 is a simple circuit. A resonant 
circuit (L1, C4, C5) at the intercarrier 
frequency (6 MHz) is frequency modulated 
by means of varicap diode D10. The audio 
signal serves as modulation signal. Since 
the circuit mentioned is a part of the os- 
cillator contained in IC2, the sound is also 
modulated in this way. Input sensitivity of 
the audio modulator is approximately 

1 Vis: 

We shall now consider the signals in more 
detail. 


RGB 

Three inputs are provided for each of the 
red, green and blue signals. Eight levels can 
therefore be realised per colour, resulting 
inatotal of 2° = 512 different colour shades. 
The coding for the most common colours 
is listed in table 1. 

For simple applications the three R, G and 
B inputs can be interconnected, so that only 
one input is available per colour. One pull-up 
resistor (R1, R4, R7) and one limiting diode 
(D1, D4, D7) is utilised per group of three in 
this case. The selection is thus restricted to 
six colours plus black and white. This may 
not appear to be much, but it is satisfactory 
in most cases, e.g. for microcomputers 
with digital RGB outputs. 

Such microcomputers often supply an 
NTSC colour signal which is of little use in 
the UK and continental Europe. However, 
the VAM can be directly utilised as an 
‘adapter’ between these computers and the 


aerial or video input of a PAL colour tele- 
vision set. In these cases problems are 
sometimes encountered with the vertical 
synchronisation (60 Hz for NTSC). In 
general, however, the TV set can easily be 
readjusted. 

One more comment: if the RGB inputs are 
driven by TTL, the pull-up resistors and 
limiting diodes can be omitted. 


Syne 

The sync signal must be applied to the 
circuit without fail. For this reason it is 
also provided by every video signal source. 
Pulses (logic zero) which can be directly 
used as a sync signal are those with a width 
of about 4 us and a repetition frequency of 
15625 Hz (64 ys). Additionally, the pulse 
train must contain an interval of approxi- 
mately 500 us (7.5 x 64 us, to be precise) 
every 20ms for purposes of vertical 
synchronisation. During the interval, the 
synchronisation signals deliver a substitute 
signal which is inverted with respect to the 
original sync signal and which has twice the 
frequency. This doubled frequency is used 
in the VAM to suppress the burst pulse. 
We shall examine the BE (burst enable) 
signal later. Incidentally, a combined 
(horizontal plus vertical) sync signal is not 
always available. In this case the horizontal 
(HS ) and vertical (VS) components must be 
combined into a sync signal. Figure 3 shows 
a simple circuit: an AND gate (3a) or two 
tri-state buffers (3b) form the desired 
Sync signal from the HS and VS. 


BL = blanking 

The BL signal is not absolutely necessary. 
Its purpose is to suppress the input signals 
at the RGB inputs. In most cases this sup- 
pression already takes place in the computer 
or test pattern generator, thus making an 
external blanking signal superfluous. If 
necessary, the VAM can provide an external 
although ‘primitive’ rasterblanking signal. 
This will be discussed in the description of 
the BE signal, 

When applying a BL signal, care should be 
taken to ensure that it is active during the 
logic zero periods. 
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Figure 3. If only a horizon- 
tal and a vertical syne 
signal are available, the two 
can be combined in this 
way. 
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BE = burst enable 

The sync signal is immediately followed by 
a short pulse (approximately 9 periods), to 
synchronise the TV set with the colour 
demodulator. The task of the BE signal is to 
establish the instant at which this pulse is 
emitted. To prevent the TV set from ‘flip- 
ping out’ during the raster-sync (vertical- 
sync) pulses, the BE signal is suppressed 
during this period. 

On the one hand, the PAL flip-flop IC3 is 
prevented from reacting to the double 
sync-frequency by means of IC4 (Q1 — see 
figure 2); FF1 continues to follow the same 
rate. On the other hand, a blanking signal 
of approximately 600 ws in duration is 


generated as soon as IC4 signals this double 
frequency (when a new sync pulse appears 
within 40 us). This signal can serve for 
raster blanking via wire link V-W, instead 
of an external BL signal. However, this 
blanking signal is mainly required to sup- 
press the BE pulse. 

Here are two more points. Firstly, it should 
be noted that when the VAM is used as a 
monochrome modulator the oscillator con- 
nected to pins 1, 17 and 18 of IC2 becomes 
superfluous. In this case the BE signal is not 
required either, because it is normally 
employed to modulate the phase of this 
oscillator together with the RGB signals 
(converted to R-Y and B-Y). The second 
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Parts list 


Resistors: 
R1...R9=5k6 
R10= 22k 
R11,R12=15k 
R13 = 2k2 
R14,R20 = 4k7 
R15,R16 = 270 2 
R17 = 8202 
R18 = 822 
R19 = 1k8 
R21,R23,R24 = 1k 
R22 = 3k3 
R25 = 68 2 
R26 = 6k8 

R27 = 27k 

R28 = 18k 
R29 = 8k2 


Capacitors: 

C1, . .C3,C7,C17,C19 = 
100 n 

C4=33p 

C5,C11=4,. 
trimmer 

C6 =39p 

C8,C9 = 100 p 

C10=10...60p 
trimmer 

C12..,.C15=18p 

C16,C21=10n 

C18=1n 

C20 = 47 uW/16V 

C22=27n 

C23 = 390 p 

C24=470p 


.40p 


Semiconductors: 

D1..,D9,D11 = 1N4148 

D10 = BB 105 (varicap- 
diode) 

T1 = BC 547B 

1C1 = LM 1886 N (National 
Semiconductor) 

IC2 = LM 1889 N (National 
Semiconductor) 

IC3 = 74LS73 

1C4,IC5 = 74LS221 


Miscellaneous: 

L1=10uH 

L2 = 6 turns enamelled 
copper (0.8 mm ¢) 
on 6 mm former 

S1 = changeover switch 

Xtal = 4,433619 MHz 
crystal 


point, which may seem obvious, is that the 
BE signal can also be applied externally. 
In this case, X-Y remains open circuit. 


Practice 


Construction of the VAM should present no 
problems using the printed circuit board 
shown in figure 4. All inputs are arranged at 
one edge of the p.c.b. Located at the other 
edge are the VHF and video outputs and the 
terminals for switch S1, which is used to 
select one of the two outputs. The supply 
voltage terminals are at one of the longer 
edges of the p.c.b.. 

Two different supply voltages are required: 
+12 V and +5 V. The 12 V rail must be 
capable of supplying approximately 60 mA 
and the 5 V rail approximately 10 mA. 
Since no other special demands are made on 
the power supply for the VAM, it is possible 
to use the teletext power supply from the 
February 1982 issue, for example. 

When fitting the components to the p.c.b. 
it should be noted that a total of six wire 
links must be installed. Two of these wire 
links are alternatives: if an external BL 
signal is applied, wire link V-W is omitted. 
If an external BE signal is applied, link 
X-Y is omitted. 


Alignment 


Alignment is fairly simple. It is merely 
necessary to adjust three trimmer capacitors: 
C5, C10 and C11. The oscillator circuit of 
the audio modulator is tuned to precisely 

6 MHz by means of C5. This is easier than 
one might think. In practice the trimmer is 
set to minimum audible noise and maximum 
level. 

C11 is used for fine adjustment of the colour 
carrier frequency. The range of adjustment 
is relativily narrow, because this is a crystal- 
controlled frequency. The colour TV set will 
display a good picture within a particular 
capacitance range of Cll. The trimmer 
should therefore be set to the midpoint 
of this range. 


VAM — 


INPUT CODE 

RED GREEN BLUE 

Colour MLE ML ML 

Black 000 000 000 

Dark Grey 010 010 010 

Light Grey 101 101 101 

White We tint 28d 7 sexed 

Red 111 000 000 

Primary { Green 000 111 OOO 
Blue 000 000 111 

Cyan 000 111 #1171 

Somple: { Magenta 111 000 111 
mentary \ Yellow 111. 111 000 
Brown 011 011 OOO 

Orange 111 100 000 

Flesh tone M14 0 ROM 

Pink Ad AOY FASO 

Sky Blue TOM. Mot Ai 


Last but not least, CLO. The main purpose 
of this trimmer is to allow adjustment of 
the VHF output frequency. If switch S1 is 
set to the ‘RF’ position, the output signal 
can be tuned to VHF channels 2, 3 and 4. 
Fine adjustment can be made using the 
appropriate potentiometer in the TV set. 
Readers fortunate enough to have a TV set 
with a video input should connect it to the 
corresponding output of the VAM. Picture 
quality will probably be somewhat better. 

It is also possible to obtain video via a 
channel in the UHF band. This necessitates 
a modulator, however, to which the video 
signal of the VAM is then applied. A suitable 
modulator, for example, is the VHF/UHF 
modulator described in the October 1978 
issue. K 


video/audio modulator 
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This compact unit converts 
digital colour and tone 
signals into a clean 
‘composite video’ signal. If 
desired, a UFH modulator 
can be added, so that the 
signal can be applied to an 
aerial input. 


Table 1. Coding for the 
most common colours, 
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Every motorist is occasionally dazzled by oncoming vehicles that fail to dip 
their headlights, and the results can be dangerous. But the culprit has his 
problems too. If he suddenly dips his headlights he will see as little as the driver 
who is dazzled. It would be better if his eyes could adjust to the new situation 
more gradually. Even this problem has an electronic solution: dimming/dipping 


in stages with the main beam dimmer. 


main beam dimmer 


headlight 
dimmer/dipper 


Figure 1, The response of 
the main beam dimmer is 
that of dimming/dipping 
in stages. Time tg... tmax 
can be varied. 

At tg, the-dip switch is 
operated. The dipped 
headlights come on 
immediately, at full bright- 
ness, and the main beam is 
dimmed quite noticeably. 
Then the main beam is 
dimmed down further, 
during a set period, after 
which it is cut off entirely. 
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How does this main beam dimmer operate? 
Figure 1 clarifies the situation. Until the 
instant of dipping (tg) the full battery 
voltage is applied to the two headlight bulbs. 
When the dipswitch is actuated the bulb 
voltage drops by about 4 V, clearly indi- 
cating that the main beam has been removed. 
The bulb voltage then continues to drop, so 
that headlight brightness decreases. Finally, 
tmax is reached — the instant at which the 
main beam is fully switched off — and only 
the dipped headlights are active. 


Circuit 

Fortunately, the apparently complicated 
response illustrated in figure 1 can be 
duplicated with fairly simple electronics, 
Figure 2 shows the circuit of the main beam 
dimmer. This dimmer/dipper can be com- 
pared to a power supply with series-pass 
stabilisation. However, the ‘regulation’ 
between tg and tmax takes place consider- 
ably more slowly. 

At time to, the relay contact for the main 
beam is opened. At this instant, capacitor 
Cl is discharged. Thus the voltage across 
it is approximately 0 V. A low current flows 
via the emitter-base diodes of T2 and T3, 


and via D3. Stage T1/T2/TS performs like 

a zener powerdiode so that a voltage of 
about 4,2 V is present across the pass 
transistor T1. At this instant, therefore, the 
bulb voltage is approximately 9 V (at a 
battery voltage of 13.2 V). : 

On account of the relatively constant voltage 
over the emitter-base junctions of T2 and T3 
and over zener diode D3, a constant charging 
current for electrolytic capacitor Cl now 
flows via Pl. With P1 set to its midpoint 
the current is approximately 190 vA. The « 
voltage over C1 rises at a rate of 4 V/s. Once ~ 
it reaches 7.5 V (voltage over the emitter- 
base junction of T4 and over zener diode 
D4), T4 conducts and capacitor Cl charges 
very rapidly up to the maximum voltage. 
The pass transistor then turns off completely 
so that the current for the main beam bulbs 
ceases to flow. A minimum voltage rise, i.e. a 
‘dimming time’, of 2 V/s can be adjusted 
with Pl. 

Diodes D1 and D2 ensure that capacitors 
Cl and C2 can discharge immediately after 
the headlight flasher is actuated or the main 
beam is switched on, thus making the circuit 
operational again. 

An important point to note is that on some 


1 
u(y) a 


UN bty 


cars the ignition lock is also the main switch, 
as shown in figure 2. When the ignition is 
switched off there is no voltage at point A. 
If the engine is started, then of course the 
effect shown in figure 1 is encountered. But 
we just have to live with this situation! The 
current flowing at this instant could result 
in a much more unpleasant effect. In labora- 
tory trials the 2N3055 survived all attempts 
to destroy it. However, those readers with 
any doubts should substitute a 2N3771 or 
2N3772 for the 2N3055. 


Construction and installation 
Construction is made simple by the printed 
circuit board of figure 3. Transistor T1 is 
fitted to the p.c.b. together with the finger- 
type heatsink. Use serrated washers between 
the nuts and the copper surface to ensure 
good electrical contact. 

The two leads are made from vehicle-type 
wiring and appropriate lugs or spade ter- 
minals are fitted to their ends. The other 
two ends are soldered directly to the p.c.b.. 
Grommets are fitted to the through-holes 
for the two leads and it may be necessary 
to seal them. The assembly is then installed 
in a case (whether waterproof or not will 
depend on the mounting location) and 
fitted at a suitable point — preferably near 
the fusebox. 

The relay contact for the main beam must 
now be located and the two leads A and B 
connected according to figure 2 (do not 
reverse them!). The main beam dimmer 
can be disabled with switch S1. 

All that remains is a functional check. The 
unit should operate in accordance with 
figure 1. A functional check using the 
headlight flasher should also be made. K 
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Figure 2. The circuit for 
this complicated response 
consists of a series-pass 
‘regulator’ (T1) and two 
capacitor charging circuits. 
The result? See figure 1, 
The main beam dimmer 
can be disabled with $1, 


Figure 3, Track pattern 
and component layout of 
the printed circuit board 
for the main beam dimmer. 
T1 is fitted with a finger- 
type heatsink. 


Parts list 


Resistor: 
P1 = 50 k preset 


Capacitors: 
C1=47n/16V 
C2 = 4u7/16 V 


Semiconductors: 

D1,D2 = 1N4001 

D3 = zener diode 
3V3/0.4 W 

D4 = zener diode 
6V8/0.4 W 

T1 = 2N3055 

T2=BD 440 

73,74 = BC 557B 


Miscellaneous: 


Finger-type heatsink for T1 
45 mm x 45 mm x 25 mm 
(e.g. FK 201) 
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Prelude: class A 
headphone amplifier 


One of the easiest ways to achieve privacy from everyone around you is to 
listen to music through a pair of headphones. There are cheaper methods such 
as ‘yoga’, but the latter cannot be termed as easy. Obviously the first criterion 
to satisfy is to have a good quality pair of headphones. There are many on the 
market which deliver the same standard of reproduction as the top quality 
expensive speakers without the same price label. Even so, unless they are used 
with a ‘high-end’ type headphone amplifier the whole exercise would be futile. 
In keeping with the XL audio system this article introduces such an amplifier, 
which delivers in class A a useful 160 mW per channel into 8 Q. It can be used 
separately, or with any other control amplifier even though it was originally 


intended as an integral part of the XL Prelude. 


m in i-p ower In the normal course of events there are two _—not encountered, simply because of the low 
a practical ways of driving a pair of head- output power. Apart from the overall quality 
am pl ifier phones. The first is to use resistors pos- of the resulting reproduction a class A type 
f orp riv ate itioned at the output of the power amplifier. has the unrivaled advantage of not having 
, , This procedure was described in the ‘ac- any crossover distortion what so ever! 
listen Ing cessories for the Crescendo power amplifier’ The headphone amplifier introduced here 


article in last month's issue. The main disad- 
vantages are that it may be physically incon- 
venient, depending on the positioning of the 
power amplifier itself and because of the use 
of resistors the damping factor is low re- 
sulting in poor bass response. 
The second is to construct a totally separate 
amplifier. This is by far the best solution and 
because only a small output power is re- 
quired, excellent quality can be 
achieved with a class A type 
» amplifier. The normal problems 
tee of heat dissipation (as with 
large class A amplifiers) are 


was originally designed for the ‘Prelude’ 
pre-amplifier, so the printed circuit board 
is fully compatible with the rest of the 
‘Prelude’ and XL system. However as it is 
self contained it can be used independently, 
only needing a separate power supply 
(£15 V/250 mA), or with any other control 
amplifier. 


The circuit 


Figure 1 shows the circuit diagram of the 
stereo version. The first thing to strike the 
eye is the fact that there are quite a few 
transistors used throughout. Unfortunately 
it is unavoidable, especially when con- 
sidering the high standard aimed at. 

It is rather pointless to describe both chan- 
nels as one is identical to the other, so, we 
will restrict ourselves to the left side. All 
the components belonging to the right 
channel are denoted with a single inverted 
comma (R’). 

Op-amp configurations and techniques are 
applied using descrete components. This 
ensures a good anid stable operation, with 
simple construction. As a matter of interest 
the same techniques are implemented in 
every part of the Prelude. 

Preset Pl acts as a preset volume control 
for the channel (P2 for the right one). In 
effect it means that the balance is ad- 
justed using these two potentiometers. The 
input signal reaches the base of transistor 
T3 via capacitor Cl. T3 together with T4 
form a differential amplifier. The direct 
current flowing through this stage is supplied 
by a current source constructed around T5. 
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Figure 1. The circuit ic 

diagram of the stereo 4 15V 
version of the headphone 83034-1 215 mA 
amplifier. The important 
aspect is the fact that it 
uses two class A output 
stages. 
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Figure 2. The printed 
circuit board for the 
amplifier. No provision has 
been made for mounting 
the power supply. 
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The collectors of T3 and T4 feed into 

a current mirror composed of T6 and T7. 
Any miss-match existing between T6 and T7 
is compensated for by the resistors R11 and 
R12. 

Anyone wishing to know more about current 
mirrors should consult the April 1982 issue 
of Elektor which dealt, in depth, with the 
theory and application. 

A current mirror does exactly what its name 
suggests, in that the current on one side is 
reflected by the other. Under quiescent 
conditions, the current flowing through T6 
is equal to the current through T7. Should 
the current drawn by T7 drop, then T6 will 
automatically draw the same current as T7. 
The use of a current mirror in this way 
results in a differential amplifier which 
exhibits better characteristics, such as: 
linearity, gain, output swing and so on. 

The signal present at the collector of T3 

is now greatly amplified by the darlington 
configuration T8 and T9. In the collector 
line of this pair is another current source 
T11. The high gain of T8 and T9 is because 
of the high collector impedance achieved 
with the help of the current source. The 
output stage consists of the drivers T12/T14 
and the power transistors T13/T15. The 
quiescent current is determined by T10. Basi- 
cally P4 sets the collector/emitter voltage 
of T10 which in turn determines the voltage 


level across the base of T12 and T14. 

The quiescent current level is purposely 
set high (100 mA) so that the amplifier 
operates in class A until the output power 
exceeds 160 mW (into 8 2), The amount 
of feedback is controlled by R8 and R9. It 
may seem strange that R9 is positioned after 
the fuse, but, rest assured that this is a good 
way of getting rid of any bad characteristics 
of the fuse. Method in our madness, so to 
speak! To ensure the feedback loop is not 
broken should the fuse blow a 1 k resistor 
(R1) is placed in parallel with the fuse. The 
d.c. offset is looked after by Tl and T2 
(used as diodes). They make sure the voltage 
across the capacitors C2/C3 and the series 
resistors R4, P3’, P3 and R5 is always 

+ 0.6 V. 


With the aid of P3 the d.c. voltage at the 
output is set to 0 V. In practice this is 
accomplished by supplying T4 with more or 
less base current. Bear in mind any substan- 
tial d.c. voltage present at the output is 
likely to destroy the headphones. At the 
very least, it is liable to give rise to notice- 
able distortion. 


Any symmetrical power supply can be used 
providing it delivers a minimum of 250 mA 
at +15 V. It should be short circuit pro- 
tected to ensure a maximum current con- 
sumption of 1 A. The best solution is to 


use one of the modern voltage regulators, 
which are easily available. 


Construction 


The printed circuit board is illustrated in 
figure 2. We strongly suggest the use of top 
quality components, especially when con- 
sidering the semiconductors. The better the 
parts the better the final result. Resistors 
Rl, R1’ and fuses Fl, Fl’ are for current 
level protection (protecting equipment 
connected to the output). They do not 
protect the actual amplifier in any way, as 
the fuses react too slowly. They can be 
removed if desired and wire links put in their 
place. 

The output transistors T13, T15, T13’ and 
T15’ need cooling. Separate heat sinks can 
be mounted, or one large one for all four. 
Keep in mind in the latter case each transis- 
tor has to be electrically isolated from the 
others. Obviously the rear of a suitable case 
can come in handy for this purpose, es- 
pecially if building the complete Prelude. 
These constructional aspects have been 
taken into account for the overall design of 
the Prelude pre-amplifier. 

We must re-emphasise the power supply 
must be stabilised, short-circuit proof, and 
current limited to a maximum of 1 A. The 
Prelude power supply as described in the 
pre-amplifier article elsewhere in this issue 


conforms to these parameters. The 7815 
or 7915 voltage regulators were found to 
be ideal when constructing a completely 
separate supply. 


Calibration 


Start with the wipers of P3’ and P3 in the 
mid position, and P4’, P4 fully to the left 
(anticlockwise). Now set a multimeter to the 
500 mV d.c. range and connect it to the 
emitters of T13 and T15. Turn P4 clockwise 
until you have a reading of 200 mV. Give 
the circuit time to ‘settle’ as the output 
transistors take a little time to warm-up, and 
repeat the procedure until a stable 200 mV 
reading is achieved. The same procedure is 
required for the other channel. 

The meter should now be set to thé lowest 
possible d.c. voltage range. Connect it to the 
output, and adjust P3 until the meter 
registers a 0 V reading. Once again repeat for 
the other channel. 


Points to consider 

By now you will have noticed the large 
number of transistors used especially of the 
BC550C variety. Taking this into consider- 
ation, it must be possible to find matched 
pairs for T3, T4, T3’ and T4’, thereby 
improving the already fine specifications of 
this amplifier. (In fact, if an ideal match is 
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Parts list 


Resistors: 
R1,R1‘,R4,R5,R18, 

R1i8'=1k 
R2,R2',R9,R9',R17, 

R17'= 22k 
R3,R6 = 27k 
R7,R7' = 220k 
R8,R8’,R19,R19' = 2k2 
R10,R10',R13,R13' = 2k7 
R11,R11',R12,R12' = 4k7 
R14,R14',R20, 

R20' = 330 2 
R15,R15' = 3k3 
R16,R16' = 1k5 
R21,R21',R23, 

R23’ = 820 2 
R22,R22',R24, 

R24’°=102/1W 
P1,P2 = 50 k (47 k) 

vertical preset 
P3,P3' = 2k5 (2k2) preset 
P4,P4' = 10 k preset 


Capacitors: 

C1,C1',C6,C6' = 22 u/10 V 
C2,C3 = 47 u/4 V 

C4,V4' = 220 uW/4 V 
C5,C5' = 33p 
C7,C7',C8,C8' = 100 n 


Semiconductors: 

«+. 75,73,T4',T5', 
710,710',T11,T11',T12, 
112’ = BC550C | 

TE iien TOMS see NOt 
714,714’ = BC 560C 


Miscellaneous: 

F1,F1'= 500 mA, fuses 
with board mounting 
holders 

Heatsinks for T1... 74 
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Specifications 


Output power in class A: 
160 mW into 8 Q 
600 mW into 30 2 
120 mW into 600 2 
Harmonic distortion: 
0.01% at a nominal 
20... 20000 Hz 
Frequency response: 
6 Hz... 100 kHz + OdB 
Signal-to noise ratio: 
better than 90 dB 
(1 mW into 8 Q) 
Damping factor: 
> 80 (20... 20000 Hz) 
into 82 
Input sensitivity: 
8 mV for 1 mW into 8Q 


Figure 3. The diagramé 
show the limits between 
class A and class B 
operation, relative to the 
headphone impedance. 
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found, it will be possible to omit the com- 


plete d.c. compensation stage: Tl, T2, C2, 
C3,R3...R7,R7’!). The easiest method to 


adopt is to mount transistor sockets for T3 
and T4 and just find the right ones by a 
process of elimination. 


At the beginning of the article we mentioned 


the amplifier operates in class A only until 
a certain output power level is reached. In 
practice this point really depends on the 
impedance of the headphones used. The 
prototype was tested with quite a few 
different versions and it was found that 
nearly any headphone set can be used 
without exceeding the class A limits. 


Figure 3 shows the output power relative to 
the headphone impedance and further more 


the limits between class A and B operation. 
The normal limits are set to 160 mW into 
8 Q and 120 mW into 600 2. With a low 
impedance such as 8 {2 more power is 
available but obviously only by going into 
aclass B operation. The efficiency of head- 
phone drivers is such (90 to 110 dB for 

1 mW input), it is unlikely that you will 
ever enter the class B range. 


However, should you really want it, figure 3 
illustrates that even more power is available. 
If the fuses are replaced by wire links, nearly 


10 W can be delivered into 8 Q! 
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soft start for 
high-current 
equipment 
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fuse protector 


Where circuit breakers are utilised in place of mains fuses, it is quite common 
for a variety of electrical apparatus, such as amplifiers, halogen movie lights, 
power saws, etc., to cause the circuit breakers to trip when the apparatus is 
switched on. Even fuses have been known to blow unexpectedly. 

The fuse protector is situated electrically between the circuit breaker and the 


load, acting as an intermediate stage. 


The rating of the new power amplifier is 
‘350 VA max.’. 

Thus the maximum power consumption of 
the amplifier is 350 watts. Since the circuit 
breaker is rated at 16 A, why does it trip 
each time the amplifier is switched on? 

The paradox seems to contradict Ohm’s 
Law; when connected to the 220 V mains, 
our amplifier with its 350 watt rating 
should not draw more than 1.6 A — a tenth 
of the value required to trip the circuit 
breaker. Something is wrong: is it our 
arithmetic, the circuit breaker or the ratings 
indicated on the amplifier? 


Initial current surge 

Incandescent bulbs have a so-called cold 
resistance. This means that the filament 
material exhibits a positive temperature 
characteristic. The resistance of a bulb 
filament at room temperature is only a 
fraction of that at its operating temperature, 
about one seventh of the normal resistance. 
Clearly, it only takes a 500 W lamp to trip 
the circuit breaker. 

The problem is also associated with a par- 
ticular type of electric motor which is used 


in domestic apparatus and power tools. This 
is the series motor, in which the field and 
armature windings are wired in series. When 
this motor is switched on (or if it is stalled 
whilst running) it draws far more current 
than under normal loading. Adequate self- 
induction for a sufficiently high impedance 
is only encountered at sufficient speed. 
For this reason, circuit breakers will only 
allow motors rated at less than 1 kVA to be 
switched on. 

The mains transformer in the example of 
our power amplifier presents something 
more of a puzzle. Not only does the power 
formula no longer seem to apply (P/V = I) 
but the characteristics of a coil and a ca- 
pacitor appear to have swapped places. 


Transformer behaviour 


When a mains transformer is switched on, 
the mains voltage is applied to the primary 
winding. The latter usually exhibits con- 
siderable inductance, and one would think 
that this would be sufficient to prevent 
an initial current surge. 
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Figure 1. Current and 
magnetic field when a 
voltage is applied, showing 
comparison between air- 
core coil and coil with iron 
core. Both coils have the 
same inductance and the 
same ohmic resistance, 

In the case of the coil with 
an iron core, a steep rise in 
current is apparent after 
core saturation. 


Figure 2. Mains voltage and 
current of a transformer 
when switched on at a volt- 
age maximum. 


Figure 3. Mains voltage and 
current of a transformer 
when switched on at the 
instant of zero crossing. 
Once the magnetic field 
has reached the saturation 
limit of the core, a current 
peak is produced. 


2-40 


That would be quite true if one were only 
dealing with an ideal coil. However, the 
primary winding of a transformer has 
characteristics that are far from ideal: it 
has an iron core; and a small one at that! 
Furthermore, the electrolythics in the power 
supply are discharged. 

This means that a mains transformer should 
not be switched on at the instant of zero 
crossing of the mains voltage, but should 
be switched on at a voltage maximum. 


1 air core 


iron core 


Figure 2 shows the situation when a trans- 
former is switched on at a voltage maximum. 
It can be seen that the voltage is only 
present in one direction for 5 ms, Only 
during this time can the magnetic field build 
up in the primary winding; it therefore does 
not become great enough for the core to be 
saturated. In subsequent periods in which 
the voltage is present in one direction for 
10 ms, a magnetic field is induced which 
opposes this voltage and which must first 
decay. The core therefore cannot reach 
saturation, The magnetic field and the 
current lag the voltage nicely by 90°. 

Figure 3 illustrates the situation when the 
transformer is switched on at the instant of 
zero crossing. In this case a voltage (a posi- 
tive voltage in figure 3) is present at the 
primary winding for twice the duration, 
ie. 10 ms. But when it is switched on, the 
transformer has not yet built up a magnetic 
field which must first decay. 

The result is inevitable: the magnetic field 
created becomes even greater, until the iron 
core is finally saturated. Since the saturated 
core can no longer contribute to the induct- 
ance of the primary winding, the voltage 
applied is only opposed by the impedance 
consisting of the ohmic resistance of the 
winding and its inductance as a air coil. 
Since this impedance is very low compared 
to that with the unsaturated iron core, the 
result is the current peak shown in figure 3. 
This current peak can reach values of more 
than 10-times the value of the normal peak 
current, 

Let us return to our claim that the core of a 
mains transformer is too small. Of course, 
this statement only applies to the instant of 
switching on. If each transformer were 
dimensioned to prevent initial current 
surges , the core would have to be more than 
50% bigger. The transformer would then be 
correspondingly heavier and more expensive; 
this would not be in anyone’s interest. 

At any rate, one thing is sure: the initial 
current surge does not harm the transformer. 
The ideal methods of overcoming these 
problems are; for the lamps to be switched 
on at the zero crossing point of the mains 
supply, transformers at the maximum 
voltage point, and for motors to be manually 
rotated before switching on. 

With the ‘fuse protector’ circuit an electronic 
solution is found. The circuit conducts the 
mains to the load via a series resistor. The 
series resistor limits any initial current surges 
to values that are harmless to the circuit 
breaker and the circuit. 

After the first two seconds, lamps have 
warmed up sufficiently, motors have devel- 
oped enough speed and transformers have 
developed an adequate ‘opposing magnetic 
field’ so that the circuit breaker is unaffected 
when the full mains voltage is applied. 


The circuit 


As already mentioned, the circuit is connec- 
ted between the mains and the load. It draws 
its current via capacitor C3 and limiting 
resistor R4. The continuous current flowing 
is 22.5 mA. However, the load is almost 


a 


Ca co een 


purely capacitive, so that only about 
170 mW are accountable on the electricity 
bill! From this current flow, D1, D2, D3 and 
C2 produce a stabilised supply voltage of 
47 V. 

If no apparatus is switched on, there is no 
voltage drop across diodes D4... D6. The 
result is: T2 is turned off, T1 is turned off 
and Tril is not provided with triggering 
current and is therefore also turned off. 
When the apparatus is switched on, its 
starting current flows via R1 which limits 
it, thus preventing the type of surge dis- 
cussed. 

Simultaneously, however, this current flow 
results in a voltage across D4... D6 which 
is rectified by D7 (germanium) and smoothed 
by C5. T2 then begins to conduct after a 
delay caused by R5 and C4. The result is 
that T1 is activated after a delay brought 
about by Cl and R3 and the triac is finally 
triggered. After these delays, the mains 
voltage is fully applied to the apparatus. 


Application, installation, 
modification 


The fuse protector can be simply utilised 
as an outboard unit. There is no need to 
modify the apparatus in question. 

It is practical to install the printed circuit 
board with its components and a power 
socket in a well insulated housing, which 
can then be employed as a universal soft- 
start unit. 

The connected load must not exceed 
660 VA. This somewhat restrictive limit 
is governed by the ratings of diodes 
D4... D6. Diodes with higher ratings can 
be utilised but are not always easy 
to procure. A connected load of 1.3 kVA, 
for example, requires 6 A diodes and a type 
216 TICD triac (with heatsink). 

When using triacs other than the ones 
specified, their triggering characteristics 


must be taken into account; an equivalent 
triac must trigger reliably at 10 mA. ‘| 
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Figure 4. The complete 
circuit diagram of the Fuse 
Protector. 


Figure 5. Track pattern 
and component overlay of 
the printed circuit board 
for the Fuse Protector. 
Input and output are at 
the same edge of the p.c.b. 
and must not be inter- 
changed! 


Partslist 


Resistors: 

R1 = 150 2/9 W 
R2= 1202 
R3=47k 

R4 = 330 2/1 W 
R5 = 220k 

R6 = 39 k 


Capacitors: 

C1= 47 p/16V 
C2 = 220 u/16V 
C3 = 330 n/630 V 
C4= 104/16 V 
C5=1n/16V 


Semiconductors: 

D1,D2 = 1N4001.. 
. . 1N4007 

D3 = 4V7/400 mW zener 
diode 

D4...D6=1N5401.. 
.. 1N5407 

D7 = DUG (AA 119, see 
text) 

D8 = 2V7/0,4 W zener 
diode 


T1=BC547B 

T2 =BC557B 

Tri1 = TIC 206D (4 A), 
TIC 216D (6 A), 
TIC 225D (8 A) 


Miscellaneous: 


Plastic case 
Power socket 


2-41 


acoustic telephone modem 
elektor february 1983 


data transfer 
via telephone 
lines 


J.J.M. Habets and 
C.A. Truijens 


2-42 


The modem described here is a circuit that is designed to send and receive 
digital information via the normal telephone lines. It enables the 
interconnection of two computers (or a terminal and a computer) even though 
they are physically separated by a large distance. The circuit provides a 
minimum data transfer rate of 600 Baud. The modem is compatible with an 
RS 232 interface and is acoustically coupled with the telephone receiver 
handset. A safety circuit is also incorporated to prevent the modem from 
switching to transmit during data reception. 


acoustic teleohone 
modem 


The term ‘modem!’ is a contraction of the 
two words modulator and demodulator. At 
one end of the data transmission line (for us 
that usually means a telephone line) the 
digital information is transmitted in a modu- 
lated form and then demodulated at the 
other end to restore the original data. 

The principle is illustrated in figure 1. Two 
matched modems are required to make a 
single data transmission line, one for each 
telephone. Each modem is able to transmit 
and receive (but not at the same time we 
hope!). If one modem is in the transmit 
mode, the modem at the other end of the 
line must obviously be switched to receive, 
The only existing limitation is that data 
traffic is possible in only one direction at a 
time, 

Since it is not possible to connect any 
circuit directly to the telephone lines (a 
prospect that makes British Telecom go 


weak at the knees), we must resort to an 
acoustic coupler. This is not the awful dis- 
advantage that may at first be presumed. 
The connection to the computer, or any 
peripheral, is by means of an RS 232 inter- 
face. 

The modulation method used with the 
modem is that of frequency shift keying 
(FSK), This means that the digital infor- 
mation is translated into frequencies for 
transmission, In this case, frequencies of 
1200 and 2200 Hz have been chosen — a 
logic ‘1’ being represented by 1200 Hz and 
a logic ‘0’ by 2200 Hz. FSK is ideal for this 
application since it is simple and relatively 
free from interference. 


Modem basics 


The principle of the circuit of the modem is 
illustrated in the block diagram of figure 2. 
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In the transmitting section the incoming 
digital data is passed via an RS 232 inter- 
face to the FSK modulator where the logic 
levels are converted into 1200 or 2200 Hz 
bursts, The output of the modulator is then 
fed via the gate to a bandpass filter that will 
pass the two FSK signals but will reject any 
higher harmonics, The acoustic coupling to 
the telephone handset for the transmit 
section is carried out by means of a small 
speaker, placed in close proximity to the 
microphone insert. 

The acoustic coupling for the receive section 
of the modem is, as expected, a microphone 
placed over the earpiece of the handset. 
Again, a bandpass filter is employed to 
remove unwanted signals above the two FSK 
frequencies. The FSK demodulator then 
processes the information and restores the 
original data. 

The two other blocks shown in the diagram, 
‘signal detector’ and ‘control’, regulate the 
traffic flow in the modem, If a ‘request to 
send’ is made by the equipment connected 
to the modem, the control stage ensures that 
the signal detector has released the trans- 
mitter. If such is the case then, after a brief 
interval, the gate is activated enabling the 
output of the modem receive section. At the 
same time it gives a ‘ready for sending’ signal 
to the connected equipment so that trans- 
mission of the data can commence. 

The signal detector checks to see if data is 
being received. As long as one of the two 


FSK signals is detected on the line the 
control block is prevented from switching 
in the modulator circuit. This effectively 
prevents transmission by the modem while 
data is being received, 


The modem circuit diagram 


The layout of the circuit diagram of the 
modem shown in figure 3 closely follows 
that of the block diagram. The upper section 
is the modulator, the centre section the 
demodulator while the signal detector and 
the control sections are to be found to the 
right and the left respectively of the lower 
part of the diagram. 

The transmitted data arrives at the upper 
left-hand corner of the drawing at terminal 
103. This terminal numbering is related to 
CCITT recommendation V24. If S1 is in 
position Q-R, T-M the requirements of this 
recommendation and that of the virtually 
identical EIA-RS 232 standards are met. The 
RS 232 interface consists of components T1, 
D1, R1 and R3. With an RS 232 interface a 
logic ‘0’ is represented by a voltage level of 
between +5 and +15 V and a logic ‘1’ bya 
level between —5 and —15 V. When a logic 
‘1’ present at terminal 103 transistor T1 will 
conduct to bring point A of the circuit 
down to about —10 V. With logic ‘0’ at the 
input, point A will rise to 12 V. Diode D1 
ensures that the base-emitter voltage of T1 
does not exceed 0.6 V. With the levels thus 
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Figure 1. The use of a 
modem is illustrated in this 
drawing. Each modem can 
act as either a transmitter 
or as a receiver. 


Figure 2. The separate 
stages of each modem are 
shown in this block dia- 
gram. The transmit section 
is at the top with the 
receive section in the 
centre and the control 
section at the bottom. 
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circuit diagram here closely 
follows that of the block 


Figure 3. The layout of the 
diagram in figure 2. 
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obtained at point A the FSK modulator — 
constructed with an XR 210 — can be driven. 
The IC is a phase-locked loop specifically 
designed for data communication appli- 
cations, particularly FSK. Dimensioning of 
the components around the IC is such that 
a frequency of 2200 Hz is present on pin 15 
with a voltage of —12 V on pin 10. Witha 
voltage of —11 V or less (in this case about 
—10.5 V) on pin 10, pin 15 supplies a fre- 
quency of 1200 Hz. This means that the 
FSK modulator produces frequencies of 
2200 Hz with a ‘0’ and 1200 Hz with a ‘1’ 
at input 103. The modulator is followed by 
the gate with which the connection between 
the modulator and the succeeding filter can 
be interrupted by the control section. 

The active filter comprises a series circuit 
formed by third order high- and low-pass 
Butterworth filters. The crossover point of 
the high-pass filter is 1200 Hz and that of 
the low-pass filter 2200 Hz. The whole 
forms a bandpass filter accepting the two 
FSK frequencies only and attenuating the 
higher harmonics in the modulator output 
signal. The frequency characteristic of the 
bandpass filter is shown in figure 4, The 
output from the second filter section (A2) 
drives directly a small telephone receiver 
loudspeaker. The volume level can be ad- 
justed within certain limits by P3. 

The demodulator begins with a telephone 
receiver microphone capsule followed by the 
buffer/amplifier A3. Since the capsule con- 
tains a carbon microphone, it is connected 
to the positive supply voltage via resistor 
R22. A bandpass filter configured around 
A4 and AS follows the amplifier, its function 
being to filter out interference caused by 
switching noise and cross-talk on the tele- 
phone line. The demodulator is also rendered 
less susceptible to environmental noises and 
vibrations caused by shocks on the modem 
housing. The filter construction is identical 
to that in the modulator part (around Al 
and A2); the crossover points are also the 
same, 


The FSK demodulator includes a second 
XR 210 (IC4); the demodulated signal is 
available on pin 8. R47, R48 and C27 again 
form a low-pass filter for this output, its 
purpose being to filter out small interfering 
impulses which may occur in the demodu- 
lator output signal. Finally, the Schmitt- 
trigger built up with A6 produces a well- 
defined digital signal with fast edges. The 
‘received data’ can be fed to the connected 
computer or peripheral equipment via out- 
put 104, The output from A6 switches be- 
tween + and —12 V so that RS 232 levels are 
directly available. 


The signal detector comprises the section 
around A7, A8, T2, T3 and T4. The signal 
originating in the filter of the receiving stage 
is first limited while transistor T2 which 
follows switches off the limited signal when 
transmitting; in that case the detector is 
switched out. The limited signal passes via 
potentiometer P5 to a Schmitt-trigger with 
a switching hysteresis of about 150 mV 
(A8). The output from A8 supplies the 
detection signal (connection 109: data 
carrier detect) for the connected equipment 
(+12 V); A8 provides an RS 232-compatible 


signal. If the circuit detects an incoming 
signal this is indicated by LED D6 (data 
carrier detect) lighting up. The signal detec- 
tor can, by means of T3, short-circuit the 
demodulator output if transmitting. 

The control circuit (the section around 
MMV1, MMV2 and FF1) regulates the ex- 
change of traffic. If the interconnected 
equipment wishes to transmit it will present 
a ‘request to send’ signal (+12 V) at input 
105; transistor T5 then causes LED D9 to 
light. In the position of $1 shown in the 
drawing, MMV 1 will be triggered by the 
leading edge of the signal at input 105 (pro- 
vided the signal detector doesn’t detect a 
received signal; in which case MMV1 is 


blocked by T3 and nothing happens further). 


Following the MMV time of 45 ms its Q out- 
put becomes ‘1’ again. The logic level at the 
D input of FF1 (the +12 V present at input 
105) is at that moment transferred to the Q 
output of the flip-flop (Q thus becomes 0), 
with the result that LED D10 lights up 
(ready for sending), ES1 is activated and the 
signal detector blocked via T2. Output 106 
supplies a ‘ready for sending’ signal (+12 V) 
to the connected equipment. Transmission 
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Figure 4, The frequency 
characteristics of the 
bandpass filters used in 
both the transmit and 
receive stages. The slopes 
are 18 dB/octave. 
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of the digital information can then com- 
mence. The computer or peripheral equip- 
ment must maintain the ‘request to send’ 
input at +12 V throughout the entire trans- 
mission period. After transmission, input 
105 must be set at a voltage of between 0 to 
—12 V, with which MMV2 is triggered. This 
then resets FF 1 so that the modulator is de- 
activated and the receiving section released 
by means of the signal detector. 

If S1 is set to the other position (through- 
connections Q-P and H-S) the modem satis- 
fies the guidelines of CCITT recommend- 
ation V24, In that case the automatic 
blocking facility which inhibits switching to 
transmit while receiving, is out of action, If a 
‘request to send’ is then presented, the 
modulator section is directly activated. 
Information transmission can actually begin 
when the connected equipment has received 
a ‘ready for sending’ signal from the modem, 
in other words after the 45 ms delay time 
produced by MMV1. During the 45 ms, 
echo’s caused by a signal on the telephone 
line are given time to decay. Figure 5 is a 
timing diagram of the different signals from 
the control section, intended to clarify its 
functioning. When building the modem as 
described later, it is not essential to include 
switch S1. If the intention is to use the 
modem in one manner only, two links on 
the printed circuit board will suffice. 
Lastly, two integrated voltage regulators 
IC10 and IC11 stabilise the + and -12 V 
circuit voltage supplies, 


Zero and One with RS 232/V24 

In the course of this article we have men- 
tioned that all the modem connections are 
V24/RS 232-compatible. Further expla- 
nation is necessary since the V24/RS 232/ 
level interface definitions might appear 
somewhat confusing to someone not at 
home in this field. 

A V24/RS 232 interface operates with posi- 
tive and negative voltages, the negative volt- 
age lying between —5 and —25 V and the 
positive between +5 and +25 V. The inter- 
face functions with negative logic, that is to 
say a binary ‘1’ corresponds with a negative 
voltage and a ‘0’ with a positive voltage. 
With a V24/RS 232 interface one talks 
actually about zeros and ones on the data 
lines (in the modem these are terminals 103 
and 104). On the control lines one speaks of 
‘on’ and ‘out’ states, where ‘on’ corresponds 
with a positive voltage and ‘out’ with a nega- 
tive (or no) voltage. We know it sounds con- 
fusing, but this has been done to avoid 
faults. If namely an input control line is 
open or short-circuited, then it is interpreted 
as being ‘out’. With data lines an open data 
input is interpreted as a line on which 
nothing has changed. In this way the whole 
is ‘fail safe’. 


The construction 

The entire circuit can be assembled on the 
printed circuit board shown in figure 6. It 
will be apparent that, for a complete system, 
two printed circuit boards are necessary, one 
at each end of the telephone line. The com- 
pleted circuit board is mounted, together 
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Table 1 


To computer or terminal 


pin signal peb/CCITT 
1 Protective ground 
2 transmitted data TMD 103 
3 recieved data RCD 104 
4 request to send RTS 105 
5 ready for sending RFS 106 
6 data set ready DSR 107 
7 signal ground gnd 
8 data carrier detect DCD 109 
20 data terminal ready DTR 108 
Tabie 2 
Time in us 
LDA2-S 00 3 
LDXIM-S XX 2 
2 
3 if branch 


2 if not branch 


; 
. 


with the transformer, in a case that is large 
enough to rest a telephone handset on. 
Performance of the system as a whole can 
depend to a large extent on the ‘quality’ of 
the audio coupling. For this reason it is im- 
portant that the distance between the hand- 
set microphone and earpiece and the modem 
loudspeaker and microphone are kept as 
close together as possible. It is also necessary 
to keep out external noise as much as poss- 
ible. One method would be to fit two short 
lengths of tubing (plastic drainpipe?) into 
the top of the case in such a way that the 
handset just fits in when it is laid on top of 
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Table 1, The wiring plan 
for the D connector. 


Address 


9200 
0202 
0204 
0205 
207 
9209 
920C 
020F 


Data 


AS 00 

A2 XXhex 
CA 

10 FD 

AQ 10 

4D 821A 
8D 821A 
4C 00 02 


T=44+10* XXdec 


Table 2. This program 
enables the Junior 
Computer to be used when 
calibrating the modem. 


output AS ©) 
output A7 
output A8 @) 
R MMV1 @) 
output 1c4(®) 


® 


CLK FF1 


RFF1 


© 


@ (s1: Hs, Pa) 


$cc: ——_-_-_——— 


+12V 
J veedy tor | anny 


sonding 


+12V 
Ee he Es, ov 


+12V 
@ (81: H-T, QR) Jj l a 


830115 


the case. The modem loudspeaker and 
microphone can then be mounted in the 
ends of the tubing. A ring of foam rubber 
(or draft excluder) glued around the lower 
end of the tube will complete the seal. 

A surplus handset can supply the micro- 
phone and loudspeaker for the modem if 
this option is open. However, a higher 
quality microphone insert and loudspeaker 
would probably give better results, It is also 
possible to use a dynamic rather than a 
carbon microphone. In this case the ampli- 
fication factor of A3 must be adjusted by 
increasing the value of resistor R25 to, for 
example, 100k. Since a dynamic micro- 
phone does not need a dc voltage resistor 
R22 can be omitted. 

LEDs D6, D9 and D10 are mounted on the 
front panel together with switch S1 and a 
25 pole D connector for the V24/RS 232 
interface. Table 1 shows the wiring for the D 
connector. 


Calibration 

For initial calibration, terminal 105 on the 
printed circuit board is connected to +12 V. 
This will activate the modulator and produce 
a tone from the loudspeaker. LEDs D9 and 
D10 should also light. Terminal 103 is then 
connected to —12 V and the modulator will 
now produce a frequency of 1200 Hz. The 
frequency on pin 15 of IC] is aligned exactly 
to 1200 Hz by P2 with the aid of a fre- 
quency meter. Terminal 103 is then con- 
nected to +12 V and the frequency on pin 
15 adjusted to 2200 Hz with P1. These ad- 
justments must be repeated a few times until 


the frequencies remain constant (due to the 
variation in temperature of the IC and the 
influence of P1 and P2. If a frequency meter 
is not available it is still possible to make 
accurate adjustments by using a computer. 
Almost every computer contains a crystal- 
controlled clock generator and since the 
number of clock periods needed by the CPU 
for carrying out a specific instruction is 
known, it is possible to write a short program 
to produce a square wave with an accurately 
defined frequency. Table 2 gives a suitable 
program for the Junior Computer. With the 
help of the formula the required periodic 
time is first calculated for the number 
XXdec. The resulting number is then con- 
verted into a hexadecimal cipher XXhex, 
this being assigned to address 0203 in the 
program, The registered number determines 
how often a program loop must be made. 
For frequencies of 1200 Hz XXhex is $4F, 
for 2200 Hz $ 29 and for 1700 Hz (needed 
later) XXhex is $ 37. In order to obtain the 
1700 Hz as accurate as possible, the first 
instruction (A5 9@) is omitted. All other 
instructions are then moved up two address 
places. The program starts on address 0209. 
The square wave is available at point PB4 of 
the computer. 

With the aid of the frequency produced by 
the computer and the small circuit of figure 
7 the modulator can then be aligned without 
a frequency meter. Point 1 of the circuit is 
connected to the computer output that sup- 
plies the ‘reference frequency’ — PB4 with 
the Junior — and point 2 is connected to 
pin 15 of IC1. A telephone earpiece or small 
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Figure 5. This waveform 
timing chart shows the 
different signals for the 
control section. The two 
waveforms for point H 
depend on the position 
of switch S1, 


2-47 


acoustic telephone modem 
elektor february 1983 


Parts list 


Resistors: 

R1,R73 = 15k 

R2 = 1k8 

R3,R6...R10,R22,R25, 
R26,R37... R39,R41, 
R42,R44,R53,R56,R59, 
R60,R64,R71,R74, 
R79=1k 

R4,R63 = 2k2 

R5,R11= 222 

R12,R43 = 18k 

R13,R14,R27,R28 = 56 k 

R15,R29,R78 = 2k7 

R16,R30 = 680 k 

R17... R21,R23,R24, 
R31... R35, 
R68 = 100k 

R36 = 1k5 

R40= 4702 

R45,R47,R48,R54,R66, 
R67,R69,R70,R75, 
R76 = 10k 

R46,R50,R62 = 4k7 

R49,R58 = 33k 

R51 = 3k3 

R52 = 150k 

R55,R61 = 330k 

R57 =47k 

R65 = 8202 

R72 = 270k 

R77 = 5k6 

P1,P2 = 500 2 10 turns 
potentiometer 

P3 = 100 2 preset 
potentiometer 

P4=1k preset 
potentiometer 

P5 = 10k preset 
potentiometer 
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amplifier with loudspeaker is connected to 
the potentiometer wiper. Output 103 is now 
connected to —12 V, the 1200 Hz program 
started and we can listen to what the loud- 
speaker produces. Three different fre- 
quencies are audible: the 1200 Hz from the 
computer, the modulator frequency and the 
difference between these two frequencies. 
The 50k potentiometer is adjusted so that 
the difference frequency can be heard as 
clearly as possible. P2 is then rotated until 
the volume of the difference frequency is 
as low as possible. The modulator frequency 


is then virtually equal to the ‘reference 
frequency’. The same procedure is then re- 
peated with connection 103 at +12 V and 
the computer program for 2200 Hz; adjust- 
ment takes place with P1. Point 105 is then 
disconnected from +12 V. 

For adjusting the demodulator a frequency 
meter is connected to pin 15 of IC4; P4 is 
then turned so that the frequency at this 
point is exactly 1700 Hz. The computer can 
again be used here with the program for 
1700 Hz (see table 2). This frequency again 
Passes to point 1 of the auxiliary circuit and 
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point 2 is connected to pin 15 of IC4. P4is 
then aligned to a minimum difference fre- 
quency, 

For adjusting the signal detector a tone must 
be supplied to the microphone. For this 
purpose another modem can be utilised 
whose loudspeaker is coupled to the micro- 
phone of the other modem. Terminal 105 of 
the ‘transmitting’ modem is connected to 
+12 V. If only one modem is available the 
loudspeaker can be temporarily removed 
from its normal position and rested on the 
microphone, Terminal 105 is then connected 


to —12 V and IC2 temporarily removed 
from its base. Pins 8 and 9 in the vacant base 
are then bridged with a wire link. P5 must 
then be adjusted so that LED D6 lights when 
the spacing between the loudspeaker and 
the microphone is such that 1 V is measured 
across P5. If the loudspeaker is removed the 
LED must extinguish. The loudspeaker 
volume can be varied slightly with P6, how- 
ever this adjustment is not critical. The 
alignment of P5 needs to be checked again 
in practice since incorrect adjustment of the 
signal detector can result in the transmit 
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Capacitors: 

C1,C22 = 470 n MKT 
C2 = 270n MKT 
C3...C7=1n ceramic 
C8 C17 = 1n8 MKT 
C9,C18 = 1n5 MKT 
C10,C19 = 120 p ceramic 
C11,C23, 

C30 = 100n MKT 
C12,..C16=1n MKT 
C20 = 120n MKT 
C21 = 150n MKT 
C24 = 39 n MKT 
C25 = 10n MKT 
C26 = 22n MKT 
C27 = 27 n MKT 
C28 = 220 n MKT 
C29,C33, 

C34 = 330n MKT 
C31,C32 = 470/25 V 
C35 C36 = 104/25 V 


Semiconductors: 
D1...D3,05,D7, 

D8 = 1N4148 
D4 = zener 6V8/400 mW 
D6,D9,D10 = LED red 
71,77 = BC 557 
T2...76 = BC547 
1C1,1C4 = XR 210 
IC2 = 4066B 
1C3,1C5,IC6,1C8 = 747 
1C7 = 4098B 
IC9 = 4013B 
1C10 = 7812 
1C11 = 7912 
B1 = B40C1000 


Miscellaneous: 

Tr1 = transformer 
2x 15 V/250 mA 

1 loudspeaker capsule 

1 microphone capsule 
from telephone receiver 
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section being released and the data output 
short circuited, while in reality data is being 
received. 


The modem in use 

This modem is primarily intended for com- 
munication between two personal computers 
so that programs can be exchanged by tele- 
phone. In that case the automatic blocking 
possibility is not absolutely necessary, so 
that the position of S1 is immaterial, This 
switch can thus be left out as we have 
already seen. For personal use not all the 
printed circuit board terminals are necess- 
ary. Terminals 103 (for transmission of data) 
and 104 (for data reception) are, in principle, 
sufficient. It is important moreover, that 
terminal 105 be used in the correct manner. 
If data is to be received a voltage of —12 V 
(or zero) must be at this point; for trans- 
mission pin 105 must be at a voltage of 
+12 V. If this is not the case the modem will 
not switch over from receive to transmit. It 
is possible to let the computer give these sig- 
nals but it can, of course, be done manually 
by means of a switch, where terminal 105 
can be connected to +12 V or —12 V ac- 
cording to choice. 

On giving a ‘request to send’ signal it is 
necessary to reflect that terminal 106 will 
give a ‘ready for sending’ signal only after 
45 ms; the computer can thus commence 
transmitting after the 45 ms. Furthermore it 
is necessary to ensure that nothing more is 
received (terminal 109 must be ‘out’) other- 
wise the demodulator will be switched off 
while data is still coming in. 

The modem described here is intended for 
half duplex use so that signals can be re- 
ceived and sent, however not simultaneously. 
It is possible to adapt the modem for duplex 
use, simply by removing transistor T2, The 
frequencies must also then be chosen for 
duplex traffic. The relevant calculations are 
given at the end of the article. The minimum 
speed at which data can be sent and received 
is 600 Baud, Higher speeds are possible de- 
pending on adjustment accuracy, up to a 
maximum of 1200 Baud. 

The quality of the telephone connection is 
very important. A reasonable 1200 Baud 
connection is possible for local use, although 
completely faultless transfer of large quan- 
tities of data can not be expected. On longer 
distance telephone connections or via small 
exchanges it is better to choose slower 
speeds. Interference on the telephone lines 
is prevented from reaching the demodulator 
by the filters as far as possible, but a noisy 
telephone line definitely produces faulty 
bits. Above all computers with a simple 
receiving routine will have this problem. The 
reliability increases as the Baud rate is 
lowered. A transmission speed of 600 Baud 
or less is thus preferable. Before transmitting 
data the telephone connection should be 
checked for sound quality. A weak con- 
nection or noise invariably entails breaking 
the connection and trying again. It is infi- 
nitely better to dial a few times more rather 
than have a data block full of faults; the 
latter certainly costs much more time! 
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Modifications for alternative 
frequencies 

For different applications it may be necess- 
ary to alter the FSK frequencies; this is quite 
possible by changing some of the component 
values, For the modulator (IC1) the fol- 
lowing FSK frequencies are valid: 


(a) for the lowest frequency: 
2220) 0.1 

fl= Gy (1+ Ris pa) 

(b) for the highest frequency: 


fh= f+ (1 + Re Epp) 
(c) The filters must also be modified: 


= RO7 = 0.06484 
RIS = R27 = SAGE 


(d)R14+R15=R28+ R29= oe 


= pan 018239 
(e) R16 = R30= PEE? 


(f) WhereC = C3=C4=C5=C6=C7= 
C12=C13=C14=C15=Cl6, 


(g) C8 = C17 = 9:3908 


fhe R 

= ~ 0.3356 

(h) C9=C18= ek 
4 = 019 = 0.03073 
(i) C10=C19 eR 


(j) Where R= R17 = R18=R19=R20= 
R21 = R31 =R32= R33 =R34= R35. 


(k) With the demodulator the VCO of IC4 
is adjusted such that the VCO on pin 15 sup- 
plies a frequency that lies between the FSK 
frequencies if the VCO is free-running (no 
input signal). This frequency is determined 
by the values of C21, R40 and P4: 


= 220, 0.1 ) 

2 C21 R40 + P4 
(1) In view of the fact that large tolerances 
occur with the PLL ICs it can happen that 
with a precalculated value a specific fre- 
quency cannot be set with the associated 
potentiometer. In such cases the values of 
the frequency determining capacitors (C2 
with IC1 and C21 with IC4) must be 


modified. i 
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Figure 7. The small 
auxiliary circuit shown 
here is necessary only if 
the aid of a computer 

is enlisted for calibration 
purposes, 
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more spots before the eyes 


doubl 
dice 


After the ‘Talking Dice’ published 

in the November issue it could be 
considered that we have just about 
gone as far as we can go with respect 
to electronic dice. But no, we now 
have the ‘non-talking double dice’ 
which, if nothing else, is self 
explanatory! It is not totally dumb 
however, the score is shown on an 
LED display as either a single or a 
double dice, that is, a maximum 
count of six or twelve. It can even 
show when a double has been thrown! 


Figure 1, This table 
3009.1 | illustrates the total number 
of combinations possible 
with two dice. 


chance (%) 


The Talking Dice published recently created 

quite a lot of interest and a great many 

readers suddenly found themselves ‘into’ 

electronic dice, Paradoxically however, the 

next request was for a ‘silent’ dice! The 

reasons for this are not entirely clear but 

anyway, here we go! 

It was considered that the dice must be easy 

to read but the use of LEDs in the pattern of f ie 

a dice was ‘old hat’, This only leaves seven : = spe. erouannny eee 

segment displays but that is not such a bad Bees —> total number thrown coebination setally 

idea, The following points were also con- occurring. 

sidered to be essential. 

a. The circuit must be able to operate asa The possible number of ‘thrown’ combi- 
single or a double dice. nations of two dice comes to a total of 36 

b. It should be easy to use and always as shown in figure 1. However, the possi- 
accurate, bility of some numbers occurring more 

c. The dice must of course be completely frequently exists, For example, double 1 
random and not prone to ‘favourable’ (snakes eyes to the poker players) is far 
repeats. more difficult to find than say, a seven. 

d. Indication of a double would be a distinct Double 1 will only occur as 1 + 1 whereas 7 
advantage. canarriveas1+6,6+1,2+5,5+2,3+4 


Figure 2. A histogram 
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170 mA 


whe PO_P2_PS. 
ea 


02 


1...N4=1C1= 4093 


and 4 + 3, When the possibilities of ‘random 
occurrencies’ is expressed as a percentage it 
will be found that double 1 is only a 2.8% 
probability against a 16.7% probability 
factor for number 7. This is illustrated in 
figure 2 (forgetting the higher orders of 
Murphy’s Law). 

On now to the circuit diagram which is 
shown in figure 3. The clock oscillator 
formed by gate N1 and the counter IC2 are 
the basis for dice 1 while dice 2 consists 

of oscillator N2 and its counter, IC3. Switch 
$1 triggers the counter or ‘roll’ the dice. The 
frequency of the clock generators is not at all 
critical apart from the fact that they must be 
different, guaranteed by the different values 
for Rl and R2. The actual frequency will be 
somewhere between 50 and 200 Hz. It 
would at first sight seem logical for the 
counters to count from 1 to 6 but they do 
in fact count from 2 to 7. This peculiarity 
makes things a little simpler and is 
accomplished by programming the PO... P3 
inputs of the counters. In effect, when the 
count reaches 7 the Q3 output will go high 
and reset the counter. The P1 programming 
input is held at logic 1 while the others, 

PO, P2 and P3, are at logic 0 to result ina 
program code of 0010 which is BCD for 

2 — but you already knew that! So, the 
counter counts between 2 and 7 but only 
when the CE (count enable) input is at 

logic 0, helped along by switch S1 and N3. 
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When counting, the outputs of the counters 
are as shown in figure 4, The top waveform 
(CK) is the output of the clock oscillator 
Nl or N2. 

During the time that S1 is operated the base 
of transistor T1 is held low causing the 
display to be switched off by T2. This 
effectively prevents any possibility of 
‘manipulating’ the roll of the dice, 

So why is N3 there you may ask. A good 
question and it does have a purpose that is 
not immediately apparent. At the instant 
that the contact of S1 leaves its normally 
closed position counter IC2 will start to 
count. There then follows a finite time 
before counter IC3 gets under way due to 
the delay before the other contact is made 
in the switch and the propagation delay 
(the time taken for the output to react to 
the input) of gate N3. This ensures a com- 
pletely ‘cheat-free’ roll since not only do 
the two dice run at different frequencies 
but also start and stop at different times. 
Our learned reader will now confidently 
suggest that the same time delay will occur 
when the switch is released therefore 
cancelling the difference out! But it won't 
and we leave it to you to figure out why 
not. All very cunning really! 

A good point at which to move on to 

the other switch, S2, whose purpose, as 
suggested in the circuit diagram, differen- 
tiates between a one or two dice operation, 


(LM 1017) 


5V 
| ban: 


1c1 


1c6 
SN 29764 
LM 1017 


Figure 3, The complete 
circuit diagram of the 
double dice. The two 
part numbers for IC6 are 
explained in the text. 


that is, a maximum count of six or twelve. 
The outputs of both counters is fed to IC4 
which, since it is a 4 bit adder, logically (?) 
adds them together. The output of IC4 is 
still not ready to display yet because we 
arranged the counters to count between 2 
and 7! It seemed like a good idea at the 
time but it would not be Monopoly to have 
a set of dice (even if they were electronic) 
that came up with numbers like 13 and 14. 
Very trendy but we have to do something 
about it. In fact, it’s IC5 that does some- 
thing about it. The outputs of IC4 are fed 
to the A inputs of IC5 which then carries 
out some rather quick calculations with the 
12 (1100) or 13 (1101) programmed on the 
B inputs and comes up with the answers 
shown in tables 1 and 2. This explains the 
link between switch S2 and the BO input of 
IC5, it selects either 1100 or 1101. We are 
still not entirely out of the wood because, as 


(CE ="0") 


4029 
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Figure 4, The waveforms 
for the Q outputs of the 
4049 counters. The top 
pulse train (CK) is the 
output of the clock 
oscillators, N1 or N2. 


the tables show, IC6 must still add 1 to the Table 1 
output of IC5 before the correct number can 


be displayed. However, it does get there in single dice 

the end! 

IC7 rejoices in the grand title of 4 bit 

magnitude comparator but it could almost. (Wmpe" OUNNT ouput ouput output display 


be called a ‘double detector’ since that is 


it’s function in life in this circuit. It simply 2 2 5 ‘ ° 4 
looks at the two sets of inputs, AO... A3 3 4 2 6 2 3 
and BO... B3, and produces an output a 5 2 7 3 4 
when they are equal. This is called A = B H e 2 8 4 i 


output, of course, and when it goes high 
the oscillator formed by N4, R6 and C3 will 


5 


Figure 5. The power 
supply shown here will 
be more than adequate 
for the double dice. 
Remember to provide 
the regulator with a 

— heatsink. 


switch the display on and off with a little Table 2 
help from transistors T1 and T2. A flashing 
display therefore signifies that a double has 
been thrown. All very swish but it would be 
most unseemly if it were to happen when 
only one dice is thrown. The paradox is 
prevented by switch S2 which takes the 

A = B input low when in the single dice, or one “lea : ies (13) display 
‘6’ position. This effectively puts a black 


double dice 


hood over IC7 and prevents it from ‘seeing Z . 5 
double’! 4 6 3 4 
The power supply for the circuit consists 5 7 4 5 
of the usual 7805 regulator, probably the 6 8 5 6 
most useful IC ever invented. Only one other 7 9 6 7 
item worthy of note is left. The SN 29764 8 10 7 8 
is pin compatible with the LM 1017, the 9 11 8 9 
only difference being current consumption, 10 12 9 10 
This is 170 mA for the former and 250 mA 43 HS if au 


for the latter. It might be advisable to look 
for the SN 29764 since it is a little easier to 
find — especially from Anglia Components. Id 
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digital audio 
in the T.V. set 


[ Last month’s article concerning digital audio dealt with signal sources such as 
the compact disc. With the advent of digital pre-amp and control-amp IC’s, the 
next stage can aptly be renamed the ‘digital audio processor’. From this 
statement it is clear that ‘Hi-Fi’ systems of the future will look more like micro- 
computers and rather than discuss gain and feedback we will talk about time, 


software and so on. 


Astonishingly, digital audio ICs were orig- 
inally developed for television. ITT was the 
first company to manufacture these, intro- 
ducing their digital T.V. chassis concept 
called ‘Digit 2000’. The AF section including 
the power amplifier is digitised. In fact the 
complete audio processing stage including 
the stereo decoder (for stereo T.V. sound) 
consists of two chips! The digital to ana- 
logue converter is the MAA 2300 and the 
signal processor the MAA 2400. 

The main thought in mind which prompted 
the research was to bring down the pro- 
duction costs, with the obvious price advan- 
tages to the consumer, Using the chips 
already developed for the compact disc 
would not have helped as they were very 
expensive, and anyway the production cost 
priorities are not the same as in the ‘Hi-Fi’ 
field. Or at least the thinking is relatively 


different. These two new chips are extremely 
versatile and can be used in many aspects 
of the audio field. They can be termed as 
the first born in the new family of digital 
audio processors. 

Figure 1 shows the block diagram of the 
MAA 2300. The two analogue input signals 
are not digitised here by a ‘real’ binary 
encoding A/D converter, but by 1-bit 
quantizers in sigma-delta modulators (pulse 
density modulators). These emit a 1-bit 
data stream with a maximum rate of 4 MHz 
(4 Mbit/s); the digital filter which follows 
turns them into data words of 16 bits in 
length and a rate of 35 kHz. This method 
has already been well-proven with analogue- 
to-digital converters for the telecommuni- 
cations field (codecs for the digital tele- 
phone). Steep-slope filters at the input 
(to limit the signal bandwidth) can be 
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Figure 1. Block diagram of 
the MAA 2300 audio A/D 
converter from Intermetall. 
It is designed for convert- 
ing two audio channels and 
delivers serial 16-bit data 
words at its output, with 

a word rate of 35 kHz per 
channel. The signal-to- 
noise ratio is comparable 
to that of a conventional 
13-bit A/D converter. 


Figure 2. Application 
circuit of the MAA 2300. 
Input filters are not 
usually required on ac- 
count of the high sampling 
rate of the pulse density 
modulators. 


Figure 3, Block diagram of 
the MAA 2400 digital two- 
channel audio processor. 
The hardware structure is 
reminiscent of that of 
single-chip micro- 
computers. 
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dispensed with, thanks to the very high 
sampling rate of the sigma-delta modulators. 
The signal-to-noise ratio achieved by this 
analogue-to-digital converter approximately 
corresponds to that of a conventional 
13-bit A/D converter. 

The MAA 2300 also contains digital ident- 
ifier filters which filter out the amplitude- 
modulated identifier from the sound signal 
of channel II. In the case of the stereo TV 
sound method introduced by a TV network 
in West Germany, these identifier signals 
are inaudibly superposed on the channel II 
sound signal and indicate whether the 
station being received is transmitting mono, 
stereo or two-channel sound, The identifier 
signal is also reduced digitally to a low bit 
rate. 


Three signals are present at the output of 
the A/D converter: the data which are 
transmitted serially and which cyclically 
contain sound I (16 bits), sound II (16 bits) 
and identifier (10 + 1 bit), the 4 MHz clock 
signal and a 32 kHz synchronizing signal as 
the shift clock rate at which the data are 
transmitted synchronously. Figure 2 shows 
the application circuit of the A/D converter. 
Present at the inputs are: Sound I and 
sound II which, when free from DC, are 
connected via resistors for level adjustment, 
91 a clock input for the clock signal from 
a 17.7MHz clock generator (IC type 
MEA 2600) and, finally, a reset input. 

The MAA 2300 is also suitable for normal 
stereo applications; in that case the identifier 
data are superfluous. 

The MAA 2400 digital audio processor is 
designed for processing the audio and 
identifier data provided by the MAA 2300. 
As far as we are aware, this chip is the first 
digital audio processor in one IC. The IC 
executes a large number of digital processes 
at high speed; a detailed description would 
extend beyond the scope of this article. 
Basically, however, this IC resembles a 
l-chip microcomputer which contains 
special interface and peripheral modules. 
The block diagram in figure 3 shows the 
hardware structure of the chip. It would 
be difficult to guess that this is an audio 
chip. The processing functions are specified 
in the program ROM by software. The IC 
can be very rapidly converted to different 
functions during production, by changing 
the program mask. With the ROM program 
supplied by ITT for TV applications, the 
user also has the facility for modifying 
basic functions via a serial bus input. The 
functions of the standarc ROM are shown 
in figure 4, which also represents the hard- 
ware interfaces in addition to the software 
blocks. This time it is quite easy to guess 
that the device is an audio chip. 

The following functions could just as 

easily be found in the block diagram of an 
analogue audio-frequency IC: matrix de- 
coding, de-emphasis, linear volume adjust- 
ment, loudness adjustment, treble and bass 
adjustment, balance adjustment, stereo base 
width adjustment, pseudo-stereo circuit. 
These are all familiar features, in spite of 
the fact that they are all incorporated in 
one special single-chip microprocessor. An 
innovation, however, is that this chip does 
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shows the program struc- 
ture of the audio processor. 
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not present digital or analogue audio signals 
at its outputs, but pulse-width-modulated 
signals. Instead of the usual D/A converters, 
digital/PWM converters are used here to 
allow direct driving of switching output 
stages. By means of simple lowpass filtering 
(integration) of the PWM signals, analogue 
ouputs are also obtained for driving conven- 
tional amplifiers. The arithmetic operations 
for implementation of these functions are 
obviously complex. Most of the functions 
are implemented by digital filtering. One 
simple filtering function, for example, 
requires three multiplications and one 
addition of three addends. The basic oper- 
ations for filter systems are ‘multiplication 
+ adding/subtracting’. For a simple highpass 
filter, three such basic operations must be 
executed together with the corresponding 
data transfer, within a sampling period of 
28 us. When being processed in the 
MAA 2400, the digital audio signals are 
subjected to about 100 such operations, 
so that each individual basic operation must 
take place in less than 280 ns. The program 
ROM must deliver commands at extremely 
high speed: at intervals of 56 ns. 

The flowchart in figure 5a shows the pro- 
gram of the MAA 2400. After activation, 
the processor is initialized by a reset. Then 
comes a ‘stop’. A program run starts with 
the sampling clock signal (sync) from the 
MAA 2300 A/D converter. Branching to 
various routines takes place at the end of 
the main program. A time loop is processed 


after the system start. In normal operation 
the IDENT routine looks for valid identifier 
data which are then evaluated in the ident- 
ifier decoding routine in the next program 
run, The timing diagram of figure 5b shows 
the timing of the program run, Only 28 us 
are available for one program run, i.e. 
32,000 runs per second allowing a maximum 
of 4 million data bits to be processed. 
Figure 6 shows the block diagram of one 
of the two identical PWM interfaces. The 
processed audio information of the channel 
is presented in 16-bit words with a sampling 
frequency of 35 kHz. The input latch is 
followed by an interpolator (for intermedi- 
ate values) which increases the sampling 
number by a factor of 32. After this over- 
sampling with a factor of 32, the 16-bit 
samples arrive from the interpolator at a 
sampling frequency of 554 kHz. A drastic 
process takes place at this stage: of the 
16-bit words, only four bits are left over 
and are converted to a 554 kHz PWM signal 
by the modulator. The remaining, truncated 
12 bits per sample are not discarded but 
fed back for correction. With the Philips 
D/A converter this is known as noise shaping; 
this process serves the same purpose here. 
The next step is another outstanding achieve- 
ment in the digital audio technique: 

These 4-bit words, which are all that-.remain 
of the 16 bits at the output, are corrected 
to such an extent that a signal-to-noise 
ratio of 75 dB is claimed by Intermetall over 
the audio frequency range. K 
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Figure 5b, Program timing: 
only 28 ys are available 

for each run consisting of 
several hundred operations. 


Figure 6a. Block diagram 
of one of the two PWM 
interfaces at the output of 
the audio processor. 


Figure 6. Pulse-width- 
modulated output signal of 
the digital audio processor. 
This allows switching 
output stages to be driven, 
as well as conventional 
analogue amplifiers after 
lowpass filtering (inte- 
gration). 
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As their name implies, switched 
capacitor filters (SCFs) make use of 
switched capacitors as adjustable 
components, instead of variable 
resistors. This technique allows filter 
circuits to be completely integrated, 
with the filter parameters remaining 
extensively variable. The special 
feature is that SCFs require almost 
no external components. The centre 
frequency (fo), for example has a 
fixed relationship with the clock 
frequency (ft). Varying f¢ results in 
an automatic variation of fg.-Particu- 
lar, fixed frequency ratios between 
filters can therefore be achieved with 
ease and precision, by inserting 
flip-flops and similar digital circuits 
into the clock frequency line. 

We shall not go into more theory at 
this stage; those readers interested in 
obtaining further details can consult 
the literature referred to in this 
article. 


Programmable and universal 


If the R 5620 were only an improved 
version of its predecessors, we would 
not have devoted an Applicator to it. 
However, this IC exhibits a number 
of characteristics which make it one 
of the more outstanding innovations. 
When comparing the device to the 
predecessor types from Reticon, one 
notices that the new IC has no fixed 
filter type, special application, filter 
Q or filter characteristic. 

Even the versatile MF 10 from 
National Semiconductor cannot com- 
pete with features such as pro- 
grammable O and centre frequency, 
as well as the fact that no additional 
components are required for most 
applications. Its name is certainly 
justifiable: PUSCAF = Programmable 
Universal Switched Capacitor Active 
Filter. 

Other attractions are: the low 
current consumption, it can be 
directly and digitally controlled 
(computers) and, last but not least, it 
is relatively inexpensive and is 
available to the hobbyist. 


Internal circuits 

As shown in figure 1, the IC has 
three inputs. LP is the input for the 
lowpass function, HP is that for the 
highpass function, and BP is used for 
the bandpass response. Two filters 
are integrated into the IC itself: a 
second-order (12 dB/octave) lowpass 
filter and a highpass filter. The third 
terminal (BP) is a combination of 
both filters; hence the bandpass 
response. 
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R5620 . . . a programmable universal filter with switched capacitors 


1 
co ao 83030-1 
Qa Frequency 
Table 1 Table 11 RS5620 Q, Fg Programming Table 


Technical specifications 


Supply voltage 
minimum: + 4V 
maximum: +11V 
Clock trigger voltage 
minimum: 0.8...2V 
maximum: as per the supply 
voltage 
Trigger pulse width 
minimum: 200 ns 
maximum: 1/f, — 200 ns 
Clock frequency 
minimum: 10 Hz 
maximum: 1.25 MHz 
Centre frequency 
minimum: 0.05 Hz 
maximum: 25 kHz 
Supply current: 4.5 mA 
Output voltage 
maximum: + 7 V 
Output current 
maximum: 4mA 
Noise (Q = 1) 
typical: 270 uV 
Dynamic range (Q = 1) 
typical: 94 dB 
Dynamic range (Q = 40) 
typical: 84 dB 
Insertion gain: 1 
Capacitive output load 
50 p max. 
Dynamic output impedance 
102 
Input impedance 
1M/20p 
THD @ 1 kHz: 
typical 0.2% 


Q CODE Fc/Fo CODE 
Q4... Qo Fo4 ... Foo 

57 (00000 200.0 00000 

165 00001 191.3 00001 

7” 00010 182.9 00010 

79 00011 174.9 00011 

87 00100 167.2 00100 

95 00101 159.9 00101 
1,05 00110 152.9 00110 
1.2 00111 146.2 00111 
1.35 01000 139.8 01000 
1,65 01001 133.7 01001 
1,95 01010 127.9 01010 
2.2 01011 122.3 01011 
2.5 01100 116.9 01100 
3.0 01101 111.8 01101 
3.5 01110 106.9 01110 
4.25 01111 102.3 01114 
5.0 10000 97.8 10000 
5.8 10001 93.5 10001 
7.2 10010 89.4 10010 
8.7 10011 85.5 10011 
10.0 10100 81.8 10100 
11.5 10101 78.2 10101 
13.0 10110 74.8 10110 
15.0 10111 NS 10111 
17.5 11000 68.4 11000 
19.0 11001 65.4 11001 
23.0 11010 62.5 11010 
* 28.0 11011 59.8 11011 
* 35.0 11100 57.2 11100 
* 40.0 11101 54.8 11101 
* 80.0 11110 52.3 11110 
* 150.0 11111 50.0 11111 


* These values are maximum, Minimum values are greater than 
%, Q. All other Q have a tolerance of + 10% and typically are 


within a few percent. 


elektor february 1983 


83030-7 


But these are by no means all the 
possibilities. Other types of filter 
can be “produced”, depending on 
which inputs are driven by the AF 
signal and which are grounded, Thus 
it is possible to configure the device 
as a band-rejection (notch) filter 
(BR) and as an all-pass (AP) filter 
(phase shifter). With the BP input at 
the output one even obtains a 
(programmable) sinewave oscillator 
(G). Figure 2 to 7 show how the 
three inputs must be wired in order 
to obtain one of the six functions. 
When the device is configured 
according to figure 7 (sinewave oscil- 
lator) the Q is permanently set to 
AO. The transfer response of the filter 


can be varied by two additional 
resistors. Figures 8 and 9 show a 
Cauer lowpass and highpass filter 
respectively. Since Cauer filters are 
part of the group of ‘music filters’, 
this variant will be of interest in spite 
of the need for two external resistors. 
These resistors affect the centre 
frequency as well as the transfer 
response. The new centre frequency 
fc of the Cauer filter is calculated 
with the following formulae: 


Ri+R2 
LP: fo=foy BULA 
fooR2 
HP: fe“ foV Ry + RD 


Frequency fg is the frequency which 
would be valid without resistors. 
Thus with one single IC it is possible 
to obtain eight different types of 
filter, merely by programming the 
device; ‘programming’ in this context 
means choosing the input configur- 
ation. 


2-times 5 bits 

So thata filter based on the R 5620 
will have a defined centre frequency, 
a clock signal must be applied to it. 
Here we encounter another special 
feature of this IC: at a given clock 
frequency, fo can be varied by 
applying 5-bit data. 

The centre frequency of the sinewave 
generator, for example, can be 
shifted by two octaves simply by 
applying digital data: this is known 
as ‘digital sweeping’. The resolution 
of this sweep is 32 (2°) steps and 
logarithmic instead of linear. With a 
clock frequency of 1 MHz, therefore, 
a filter is obtained with an fo of 

5 kHz... 20 kHz; this is also precise 
because of the digital method with- 
out a preset potentiometer. 

The same applies to the filter O. This 
can also be set digitally in 32 logar- 
ithmic steps from 0.57 to 150, The 
tolerance of the set O over the range 
0.71... 23 is less than 10%. 

Table 2 shows which data must be 
applied to the O and F inputs in 
order to obtain the desired Q and 
frequency. A ‘0' is a voltage of 
<0.8 V and a ‘1’ is a voltage of 
>2V. The O and F inputs are both 
TTL and CMOS compatible, thus 
making the device ideally suited to 
microcomputer control. For fixed 
applications, however, DIL switches 
can be utilised or simple wire links. 


Application 

The device is suitable for almost 
any audio-frequency applications. It 
exhibits good dynamic response, 
noise and distortion performance 
(table 1). 

One application could be as an active 
crossover network for loudspeakers, 
allowing precise matching to the 
room without soldering and modifi- 
cations. Or as a digitally adjustable 
sinewave generator with constant 
output amplitude; or as an automatic 
notch filter to prevent feedback in 
PA systems; or... 


Literature 

Elektor 1/81: Switched capacitors 
Elektor 9/82: MF 10 

Reticon datasheet: R 5620 
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Kikusui DMM 


Kikusui have introduced a 3% digit mains 
powered digital multimeter to the British 
market, The Kikusui Model 1502 is for use 
in laboratory and production test and is 
available from the UK distributor, Telonic 
Berkeley. 1502 functions are AC and DC 
voltage, AC and DC current and resistance, 
and input circuits are protected against 
overvoltage and overcurrent. Maximum 
display value of 1999 is on LED's, with 
display of the selected function as well as 
automatic polarity indication. 


The 1502 has high sensitivity with 100 nV 
resolution on voltage ranges, 0.1 uA on 
current ranges, and 0.1 2 on resistance 


ranges. An ‘QLO' facility is included, 
providing for a less than 0.5 V maximum 
Open terminal voltage when wanted. The 
double integration system is used and an 
automatic zero function dispenses with 
the need for zero adjustment. The instru- 
ment's basic accuracy is 0.1% and it is 
priced at £ 120 plus VAT. 

Telonic Berkeley UK, 

2 Castle Hill Terrace, 

Maidenhead, Berkshire. 

Telephone: 0628.73933. 


(2513 M) 


Logic probes and pulsers 


OK’'s PRB-1 Digital Logic Probe detects 
pulses as short as 10 nsec, has a frequency 
response of better than 50 MHz and an 
automatic pulse stretching to 50 nsec but 
is competively priced at £33.24, It is 
compatible with RTL, DTL, HTL, TTL, 
MOS, CMOS and microprocessor logic 
families and also features 120 Kohm 
impedance, power lead reversal protection 
and over-voltage protection to 200 V 


(+V —V). Supply voltage range is 4-15 V 
but a PA-1 adaptor can be supplied for use 
with voltages from 15-25 V. The PLS-1 
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pocket-sized, multimode, high-current 
pulse generator will superimpose a dy- 
namic pulse train (20pps) or a single 
pulse onto the circuit mode under test, 
without having to unsolder pins or cut 
printed circuit traces, even when these 
nodes are being clamped by digital out- 
puts. It can source or sink sufficient 
current to force saturated output tran- 
sistors in digital circuits into the opposite 
logic state. Signal injection is by push- 
button, and when the button is depressed 
a single high-going pulse of 2 usec wide is 
delivered to the circuit node under test. 
Pulse polarity is automatic, high nodes 
are pulsed low and low nodes are pulsed 
high, and holding the button down 
delivers a series of pulses at 20 pps to the 
circuit under test. PLS-1 is ideally suited 
for use in conjunction with the PRB-1 
probe and costs £ 43.13. 

OK Machine & Tool (UK) Ltd., 

Dutton Lane, 

Eastleigh, 

Hants, S05 4AA, 

Telephone: 0703.610944. 
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Compact digital panel meter 

Measuring 60x 38mm _ overall with a 
maximum depth of just 16 mm, these new 
OEM-2 digital meters offer OEMs con- 
siderable potential in the design of the 
next generation of compact handheld 
portable instruments such as digital 
thermometers, pH meters, moisture meters, 


pressure indications, resistance meters and 
multitesters, 

Featuring a 3% digit (+ 1999) LCD display 
with large 0.5in, (13mm) high digits, 
these meters are easy to read in most 
ambient light conditions including direct 
sunlight, For applications requiring read- 
ings to be taken under all conditions, even 
dim lighting or in the dark, the OEM-2L 
version is available which incorporates 
along life filament type lamp. 
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Designed for a 9V battery supply, the 
OEM-2 has a basic input sensitivity of 
+200 mV with a resolution of 100uV. 
Supply current is just 1mA (excluding 
lamp) and a low battery state indicator 
shows when the voltage drops to 7.2 V, 
at which point typically 20% of the 
battery life remains. 

An in-built 7106 type analogue-to-digital 
converter provides the true differential 
input and auto zero operation together 
with automatic input polarity detection 
and display. Overall accuracy is claimed 
to be better than 0.15% of reading +1 
count. Operating temperature range is 
0 to +50°C with a typical coefficient of 
80 ppm per °C. 

Anders Electronics Limited, 

48-56 Bayham Place, 

London NW1 OEU, 

Telephone: 01.387,9092 
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World’s smallest video camera 


A colour video camera, compatible with 
all video deck systems and weighing 
only 690grams (including cable), is 


to be launched in to U.K. under the 
Konica brand by the Japanese company, 
Konishiroku. This revolutionary camera, 
the Konica Color VC, overturns conven- 
tional notions of the size and weight re- 
quirements for portable video cameras. 

An important element in the camera is its 
energy saving design — power consump- 
tion being 10 to 20 per cent less than con- 
ventional portable video cameras. This is a 
decisive factor in extending total recording 
time. The camera, which has a 10-30 mm 
zoom lens and an optional electronic view- 
finder, will be available with a black or 
silver body, and is to be launched in the 
U.K. in the Spring of 1983. 

Alastair Sedgwick, 

Carl Byoir & Associates Ltd., 

11a West Halkin Street, 

London SW1X 8JL. 

Telephone: 01.235.9292. 
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New cabinet range 


This Cabinet forms part of Amtron 
UK Ltd's range of 26 plastic and metal 
cabinets of varying dimensions, This 
particular model is constructed from 
shock-proof materials with front and rear 
panels of brushed aluminium, making 
it suitable for both industrial and labora- 
tory electronics as well as for the home 
user, Built-in rails can be used to insert 
ptinted circuit boards vertically, horizon- 
tally or parallel to the front panel, but 
separate rails are also supplied for cus- 
tomer mounting. In addition, the kits for 
these cabinets contain vibration damping 
rubber feet and self tapping screws, The 
cabinet is available is three sizes: 


Amtron UK Ltd., 

7, Hughenden Road, 
Hastings, 

East Sussex, 

Telephone: 0424.436004, 
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5%” disc drives 


Rohan Computing is pleased to announce 
an addition to the Qume Track range of 
5%" drives: the model 592, which is a 96 
track per inch, one megabyte capacity, 
double sided mini floppy drive. 


The independently fluctured  trigimbal 
head mechanism gives superior data 
reliability and significantly longer media 
life. The media life is further extended by 
the electronically dampened head load 
solenoid fitted to the drive, which far 
exceeds the recommendation for industry 
standard taptap tests. A band stepper 
head position mechanism gives 3 milli- 
seconds track to track time, and a direct 
drive brushless DC motor dispenses with 
pulleys and belts offering a significantly 
longer drive motor life . 

The main performance figures of the 
drives are 3 milliseconds track to track 
access time; 15 milliseconds settling time 
and 50 milliseconds head lower time with 
an average latency of a 100 milliseconds. 
Continuous power requirements are 
typically 10 watts or less offering very 
low heat dissipation. Additional features 
on the drive are an easy open and close 
bezel with an anticrunch door lock. 
Rohan Computing Ltd., 

52 Coventry Street, 

Southam, 

Warwickshire CV33 OEP. 

Telephone: Southam 092681.4045. 
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OUTSIDE DIMENSIONS 


MODEL WIDTH 
INCH mm 
00/3001,00 7,54 191,4 
00/3001.02 7,54 1914 
00/3001,04 7,54 1914 


Inexpensive 0-10 amp meter 

An inexpensive 0-10 amps (close tolerance) 
moving coil meter for bench use has been 
introduced by Semiconductor Supplies 
for use where it can be used in preferance 
to more expensive equipment such as 
Avometers in experiments or on test rigs. 
Priced at £6.25 plus VAT with reductions 
for quantities, this equipment is ideal for 
use in schools. 

The specification inlcudes mirror-scale and 
a sturdy plastics case on four rubber feet. 
Red and black terminal posts take banana 
plugs, spade terminals or bare wire ends, 
Heavy duty test leads are supplied. Size 
110x 110 x 90 mm (height, width, depth). 
Semiconductor Supplies International 
Limited, 

Dawson House, 

128/130 Carshalton Road, 

Sutton, 

Surrey SM1 4RS 

Telephone: 01.643.1126 
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PCB lightbox 

Designed for the professional drawing 
office, the ECx2 Artwork Lightbox is 
correctly sized for the production of 
2:1 PCB artwork to Eurocard dimensions 
100x 220mm. The viewing panel is 
large enough to provide backlight for a 


HEIGHT DEPTH 
INCH mm INCH mm 
1,81 46 6,89 175 
2,36 60 6,89 175 
29 74 6,89 175 


full A3 size sheet of paper or draughting 
film and is made of 5 mm thick opal white 
Perspex fitted to give a flush top to the 
box with no sharp corners to cause oper- 
ator discomfort. 

Constructed in solid Mahogany, the 
smooth polished frame is mounted on a 
9mm plywood base and four heavy duty: 
rubber feet to permit desktop use without 
risk of slipping or scratching, Illumination 
is provided by four fluorescent tubes 
which are controlled by dual chokes and 
starter circuits; overall power consumption 
is approximately 60 watts, 

Electronic Assistance Limited, 

Unit 1, 

Brynberth Industrial Estate, 

Rhayader, 

Powys, LD6 5EN. 

Telephone: 0597.810711 


(2561 M) 
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Electronics and 
Computing looks at a 
computer as the beginning of 
something interesting rather 
than an end in itself. 

We thought that using a 
micro to drive something 
other than a TV screen could 
open up fascinating 
possibilities. 

A few simple circuits, 
used as building blocks, can 
stretch your computer, your 
imagination and your fun, a 
long way. 

Combine a few switching 
circuits with some motor 
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drive 
controls and a 
real time clock facility- 
driven by your micro,and you 
could build a. robot to bring 
you tea in bed. Or the world’s 
most impressive automated 
model railway. 

That's what Electronics 
and Computing is all about — 
giving you ideas for new 
applications, and giving you 
the software to expand your 
micro. 


WHERE ELECTRONICS AND COMPUTING INTERFACE. 


advertisement 


Project by project 
we show you how to add 
another dimension to 
your computer. 
Attached to the cover 
of the February issue are 10 
free circuit cards to get you 
started. 

And inside is enough 
information to build your 
own hi-res graphics 
computer. 

All you need 
is a hot soldering 
iron and a 
cool 75p. 


advertisement 
c 
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elelkator 
switchboard 


WANTED: Elektor nos. 4 & 13, to 
buy or swap for Elektor nos. 1, 9, 
17 or 19. Tel. 01 363 9166. 


ELEKTERMINAL + ASCII Key- 
board + Modulator, uncased. £50 
o.n.o. Phone 061 7480790, or 
write: Andy D‘Rozarto, 8 Marl- 
borough Road, Flixton, Manches- 
ter M31 30G. 


STEREO phones AKG-K 50 £2.00 
Mr. A.C. Holdway, Flat 9, Back 
no. 10, Westwood Road, Ports- 
wood, Southampton, Hants. 


BINATONE 5-Star 40-CH Mobile 
27 MHz CB Transceiver, 4 watts, 
new, £45, very good value. Call 
041 332 7695 after 7 p.m. 


TELEQUIPMENT D/Beam Type 
D43 Scope wanted, circuit or 
w/shop manual plus any mods or 
handbook. Will pay any reason- 


able cost. J. Mitchell, 8 Rutland: 


Street, Gorton, Manchester 
M18 8QH. Tel. 061 231 6522. 


ELEKTOR Summer Circuits 1982 
wanted £4.50. Tel. Treffgarne 
(043 787) 644 ask for Peter. 


VOCODER for sale, built and 
calibrated to full Elektor spec, 
and in very smart case. Must be 
seen, £250 o.n.o. Mr, M.N.A. 
Lee, Mid-Bay, Seasalter Beach, 
Whitstable, Kent CT5 4EV. Phone 
evenings 0227 264115. 


INTELEKT Chess Computer, 
cased, working, £ 35. Elekterminal 
+ PSU + page. Ext. & Keybaord, 
£30. Comp. PSU5 V15A #12 V, 
1,5A, 24V 2A. £40. Mr. D.D. 
Wells, 67 Bradvue Crescent, Brad- 
vile, Milton Keynes MK13 7AH. 
Tel. 0908 319765. 


Programmable scanner required. 
Phone 0323-57769. Colin evenings 
only (Eastbourn), 


BASIC MICRO 4k RAM, Elek- 
terminal with ASCII keyboard, 
with PSU and modulator. All in 
working order £175 0.n.0. will 
split. 

Mr. N.C. Waller, 

30 Woodlands Court. 
Dunbartonshire G83 OSN. 


WANTED: Back issues 1979 - nos. 
47 March and 51/52 July/August. 
1980 - no. 57 January. Tel. day- 
453440033 L39 (local) evening- 
453460044 (Denmark) 


REALISTIC MPA 35 35 watt PA 
amplifier, 2 microphones, phono 
aux. priority switch, hardly used. 
£ 30. Tel. 0619697716 


TELETYPE recent ASR 33. Key- 
board printer tape punch/reader, 
Acoustic case RS32 2 line over- 
haulded, £75 + carriage. Tel. 
Leeds 673951 


ELEKTORS - nos, 1 to 92 inclus- 
ive, only no. 81 missing. Offers 
please. Mr, P.J. Sankey, 24 Pains 
Way, Amesbury, Salisbury, Wilts. 
SP4 7RS. 


FURZEHILL Oscilloscoop good/ 
working, For sale or swap for 
student's stock, iron, Verobloc, 
components, etc. Offers? Write: 
Shaheen Aslam, 9 Southfield 
Road, Middlesbrough, Cleveland 
TS1 4BX. 


TRANSCENDANT 2000 Synthe- 
sizer built, perfect - £ 150, mini- 
sonic Mk2 ditto, Offers? 2 DFMS 
£15 each, 10 boxes incomplete 
kits. Hugh Bridge, 363 Kennington 
Lane, Vauxhall, London SE11 
5QY. (01 735 1862) 


ZX SPECTRUM full working 
order £75 + £2 post. 2 Sharp 
Stereo Cassettes £ 45 0.n.0. S.A.E. 
please. No callers, CB wanted, Mr, 
D. Martin, 29 St. Johns Close, 
Leatherhead, Surrey. 


COMPUTER, home built, 
MC6800 & Terminal £35. PSU 
10A, +12V 1A £25. Cassette 
Interface £ 15. Paper Tape Reader 
£20. Mr. D.D. Wells, 67 Bradvue 
Crescent, Bradville, Milton 
Keynes MK13 7AH. Tel. 0908 
319765. 


WANTED: SE3A Scope Tube and 
Telequipment S32 Circuit Dia- 
gram. J. Glover, 1 Broyony 
Cottages, Hambledon, Godalming, 
Surrey GU8 4HJ. 


CREED 75 Teletype with Tape 
Reader/Punch and separate Reader 
Unit, all cables, £75 o,n.o. Tel. 
(0977) 45570 (near Barnsley). 


HEATHKIT Scope Single Beam 
Model 10-103, Mint condition, 
£45, Manual included. Tel. 01 
747 1635 


VIDEO GENIE EG3003 Com- 
puter, 2 Manuals, Monitor, Inte- 
gral Cassette Recorder, 2 games 
£ 230. Phone Crayford 528119. 


ROBERTS RADIO RM50 in new 
condition. Also DA116 DMM. 
Write with offers, Spare elec- 
tronics magazines required, B.K. 
Jain, 17 Taylors Lane, London 
NW10, 


TRIO TR8400 70cm. FM Trans- 


ceiver £250. Yaesu FT290, 
Nicads and case, £220. Both 
0.n.0., both original packing. 


D.D. Hobbs, 46 Gloucester Road, 
Bridgewater, Somerset TA6 6DZ. 


advertising 


for our 


readers! 


Rules: 


@ Private advertisers only. No trade, no 


business. 


@ Full address or private telephone number; 


no post office boxes. 


e Items related to electronics only. Software 
only when related to Elektor computer 


systems. 


@ Maximum length: 114 characters — letter, 
numeral, comma, space. etc. (not 

including address and/or telephone number). 

@ One advertisement per reader per month. 
To enforce this rule, a switchboard voucher 


will be printed each month. 


@ Elektor cannot accept responsibility for 
any correspondence or transaction as a 
result of a ‘switchboard’ ad, nor as a result 


of any inaccuracy in the text. 


e Ads will be placed in the order in which 


they are received. 


@ We reserve the right to refuse advertise- 
ments, without returning them. 


Name and address: 


| am a private reader. | have read your rules and | enclose a valid switchboard voucher, 
Please place the-following advertisement, free, in the next available space. 


BLOCK CAPITALS PLEASE — ONE CHARACTER TO EACH BOX 


Send to: 


Elektor House 
10 Longport 


Elektor switchboard, 


Canterbury CT1 1PE 


be post-marked within the 
month indicated. 


All advertisements must include the 
voucher printed here. They must 
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CRICKLEWOOD-STOCKING PARTS OTHER STORES CANNOT REACH! 


‘ % THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express 


Jirimmodiate service: no eva charge, no minimum orgs 
Items not fully covered on this lis include: OPTO: 7 seg LEDs, LCDs, beelled LEDs, Lomps, Lampholder, FUSES: 20 mm, > > 
IK inch, slow or quick ca 1 gee CONNECTORS: BIL DiN-thono, t mm, Bina win, Bulgin USA, Lec KNOBS; %* THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but 
‘Aluminium, Anodised, Col : Tool, td Hocker, Rotor, Sie, OI uss. METERS: LCD, accepted (no coins please) All n stock items shipped same day. 
: i ich, mich sore. ! f : § mil 
wippers Tamme, Cole Cutere And mich much tore. : Vici coiye’ THE IDEAL WAY Callin and collect. We are on the main Edgware Rd (AS) just 1} miles from 
Ovenseas ORDERS WELCOME (cHiO's ADEGUATE POSTAGE) GUANTITY DISCOUNTS BY NEGOTIATION, Staples Corner and approx 3 miles from Marble Arch. 
ORICKLEWOOD ELECTRONICS LTD, 40 Cricklewood Brosdnay, London NW2 JET, Ta G1 452 0101, Telex: 914977 VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 


ALL STOCK BRAND NEW FRANCHISED ORIGIN Bost, PACKING S INSURANCE Standard small order charge is 70p (more for heavier goods) 
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UNIVERSAL NICAD CHARGER TYPE FC4 
£24.50+ £1.50 PaP 


:240 V AC 60 Watts. 


Power requirement 


Constant current 
generator : Variable from 10 mA to 
4 amps, Log Scale. 
‘Regulation OK’ lamp 
extinguishes on too high a 


load. 

Auto Timer : Variable from 1 min. to At 4 amp rate UDGellsrs sais «as 60 mins. 
60 mins. + 14 hrs. switched C Callsa.s. 5 x. inv 30 mins. 
position. 506 C Cells .... 18 mins. 
Manual start and stop AA Cells .. 6... 7 mins. 
buttons. 

Timer on lamp. (Note: Lower currents and longer times may of 

Other indicators : Power on lamp, mains course be used) 
switch on current control 
knob. 

Capabilities : Will trickle charge at SOUTHERN TECHNICAL 
14 hrs. rates up to 12, SYSTEMS, 

1.2 V Cells or 2 110 mAH UNDERLYN FARM, 
8.2 V mass plate cells. MAIDSTONE ROAD, 
Will fast charge up to 7 of MARDEN, 

most types of sintered KENT TN12 9BE 


1.2 V cells within one hour. Telephone Maidstone 831022 


for your copies Of Elektor 


THE ELEKTOR 
CASSETTEBINDER fF 


This cassette style binder will help to keep 
your copies of Elektor clean and in 
order, even though you refer to them 
time and time again. The cham- 


early war 
Sawn 0 


fered corner of the cassette allows a a. 

instant recognition of each ~~ PRICE £2.90 

month's issue without the need 4 . 7 
inc. postage & pack’ 

to thumb through pages of pre- 2 P 9 pees 


vious months’ issues, Because 
no wires or fastenings are used 
copies can be easily removed and 
replaced and each cassette will hold 
one year’s volume of Elektor. Their smart 
appearance will look good on any laboratory 
shelf. 


available from — 
Elektor Publishers Limited, 
10 Longport, 

Canterbury, 

Kent CT1 1PE. 

please use the order card in this issue. 


2-66 


advertisement 


HOME LIGHTING KITS 


‘Those kits contain all necessary components and full 
instructions & are designed to replace a standard well 
switch and control up to 300w. of lighting 


‘TORS0OK Remote Control £14.30 
er 
Transmitterforabove £ 4.20 


Touchdimmer £ 7.00 


Extension kit for 2-wa 
switchingforTb300k” £ 2.00 


£3.50 


Rotary Controlled 
Dimmer 


HOME CONTROL CENTRE 


This New Remote Control Kit enables you to 
control up to 16 different appliances any- 
where in the house from the comfort of your 
armchair. The transmitter injects coded 
pulses into the mains wiring which are 
received by receiver modules connected to 
the same mains supply and used to switch on 
the appliance addressed, Receivers are 
addressed by means of a 16-way keyboard, 
followed by an on or off command. Since 
pushing buttons can become rather boring, 
the transmitter also includes a computer 
interface so you can programme your favour- 
ite micro to switch lights, heating, electric 
blanket, make your coffee in the morning, 
etc., without rewiring your house. JUS 

THINK OF THE POSSIBILITIES. The KIT 
includes all PCBs and components for one 
teabemitter and two receivers, plus a drilled 
ox for the transmitter. 

Order as XK112, £42.00 


Additional Recievers XK111 £10.00 


ELECTRONIC LOCK KIT XK101 
This KIT contains a purpose designed lock IC, 
10-way keyboard, PCBs and all components 
to construct a Digital Lock, requiring a 4-key 
sequence to open and providing over 5000 


different combinations. The open sequence | 


may be easily changed by means of a pre- 
wired plug. Size: 7 x 6 x 3. cms. Supply: 5V to 
18 V dic, at 40uA. Ouput: 750mA max. 
Hundreds of uses for doors and garages, car 
anti-theft device, electronic equipment, etc. 
Will drive most relays direct. Full instructions 


supplied. ONLY £10.50 


Electric lock mechanism for use with latch 


locks and above kit 
locks and above £13.50 


MINI KITS 
MK1 TEMPERATURE 
CONTROLLER/THERMOSTAT 
Uses LM3911 IC to sonse tempora- 
ture (80°C max.) and triac to switch 
00 


jr. 
MK2 Solid State Relay 
Ideal for switching motors, lights, 


JJ 3NOTEDOORCHIME Jd 


switch to complete. AN 
BEGINNERS. Order as XK102 


XK113 MW RADIO KIT 


‘analogue voltage on @ 
element LED display as a 
bar or single dot. Ideal for thermo- 
meters, level indicators, etc. Mi 
stacked to obtain 20 to 100 

lays, Requires 5-20V suppl 


Ka NAI 
" CONTROLLER COMPONENT PACKS 
pased ‘on the SL441 zero voltage PACK 1 650 Resistors 47 ohm to 10 Mohm - 


itch, may be wired to form value £4.00 
2 “burst wer controller, He pack 2 
PACK3 


pot 
enabling the temperature of an on- 
closure to be maintained to within 
PACK 4 
PACKS 


9V battery. IDEAL FOR BEGINNERS. 


1000y4F — 5 per value £3.25 
0.5°C. Max. load 3KW £5.55, 

MKS MAI ER 

Based on the ZN1034E Timer IC this 
kit will switch a mains load on (or off) 
for a preset time from 20 mins. to 35. 


5 per value £5.55 
— 5 per value £2.90 


— 10 of each £2.40 
PACK 6 25 Red LEDs (5mm dia,) £1.25 


Have you got our FREE ORANGE CATALOGUE yet? 


NO?! Send S.A.E. 6” x 9 TODAY 
It's packed with details of all.our KITS plus large range 
of SEMICONDUCTORS including CMOS, LS TTL, 
linear, microprocessors and memories, full range of 


LEDs, capacitors, resistors, hardware, relays, switches 


etc. We also stock VERO and Antex products as well 
as books from Texas Instruments, Babani and Elektor. 
ALL AT VERY COMPETITIVE PRICES. 


ORDERING IS EVEN EASIER — JUST RING 


THE NUMBER YOU CAN'T FORGET FOR 
PRICES YOU CAN'T RESIST. 


9-6-7 8-9-10 


and give us your Access or Barclaycard No. 
or write enclosing cheque or postal order. 
Official orders accepted from schools, etc. 


Based on the SAB0600 IC the kit is supplied with all 
components, including loudspeaker, printed circuit 
board, a pre-drilled box (95 x 71 x 35mm) and full 
instructions. Requires only a PP3 9V battery and push- 
IDEAL PROJECT FOR 


£5.00 


10 per 
40 x 16V Electrolytic Capacitors 10uF to 
60 Polyester Capacitors 0.01 to 1uF/250V — 
45 Sub-miniature Presets 100 ohm to 1 Mohm 


30 Low Profile IC Sockets 8, 14 and 16 — pin 
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DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


This new design is based on 
the ICL7126 (a lower power 
version of the ICL7106 chip) 
and a 312 digit liquid crystal 
display. This kit will form the 
basis of a digital multimeter 
(only a few additional resistors and switch: 


Based on ZN414 IC, kit includes PCB, wound aerial and 
crystal earpiece and all components to make a sensitive 
miniature radio. Size: 5.5 x 2.7 x 2cms. Requires PP3 


£5.00 


ivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement—giving a 2 yoar 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week. 


Price £15.50 
DISCO LIGHTING KITS 


DL 1000K 
This value-for-money kit fea 
tures a bi-directional se. 
quence, speed of sequence 

wency of direction 
change, being variable by means of poten: 
tiometers and incorporates a master dim: 


ming control £14.60 


DLZ100K 

A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 


Optional opto input DLA Only £8.00 


Allowing audio ("beat") — light 60 

response. 

DL3000K 

This 3 channel sound to light kit features 

zero voltage switching, automatic level con: 

trol and built in mic. No connections to 

speaker of amp required. No knobs to adjust 
simply connect to mains supply and 


lamps. (1Kw channel) Ont £11.95. 
“OPEN-SESAME” 


The XK103is 8 general purpose infra-red trans- 
mitter/receiver with one momentary (normally 
open) relay contact and two latched transistor 
output, Designed primarily for controlling 
mot d garage doors and two auxillary out- 
puts for drive/garage lights at a range of up to. 
40 ft. Tho unit aso has numerous applications 
in the home for switching lights, TV, closin 

curtains, otc, Ideal for aged or disable 


ors 
he Kit comprises a mains powered receiver, @ 
four button transmitter, complote with pre- 
drilled box, requiring a 9V battory and ono 
opto-isolated solid stato switch kit for intor- 
facing the receiver to mains appliancos. 

with all our kits, full instructions are suppliod. 


ONLY £23.75 


LCD 3% DIGIT MULTIMETER 
16 ranges including DC voltage (200 mv-1000v) and 
AC voltage, DC current (200 mA-10A) and resist- 
ance (0-2 M) + NPN & PNP transistor gain and 
diode check. Input impedance 10M, Size 155 x 
88 x 31mm. Requires PP3 9V battery. 


REMOTE CONTROL KITS 
MK6 SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box. Requires a 9V battery. 
MK7 INFRA RED RECEIVER 
Single channel, range approx. 20ft. Mains powered 


£4.20 


th a triac output to switch loads up to 500W 
‘at 240V ac. £9.00: {RCBO0K ~Spocial Price for MK6 and MK7 together £12.50 
MK8 CODED INFRA RED TRANSMITTER 


£29.00 


Based on the SL490, the kit includes all components to mak ded t it id only 

roquiros a 9V (PP) battery and keyboard. 8x2 x 1.dcms > “Oded tansmittor and only 

MK10 16-WAY KEYBOARD 

For uso with MKB and MK18 to generate 16 different codes for decoding by the ML928 or ML926 
is £5.40 


Test leads included. 


THE MULTI-PURPOSE TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 
more with just one programmable timer. At your solection it is 
designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, e.g. to control your central 
heating (including different switching times for woekends), just 

to your system programme and set it and forget it—the 
clock will do the rest, 


rocoiver (MK12) kit 
MK11 10-Channol +3 Analogue o/p IR Receiver 
Basod on ML922 decoder IC. Functions include on/standby output, toggle, control of volume, 
tone and lamp brightness. Includes its own mains supply. £12.00 
MK12 16-CHANNEL IR RECEIVER 
For uso with MKB kit with 16 on/off outputs, which with further interface circuitry, such as relays 
acs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out: 
a80 epacty whan ordering. Includas its own mains supply. £11.95 
Micts H-WAY KEYBOARD For uso with MKS, MK18 and MTT Ris £4.35 
ins Powored IR Transmitter 
FEATURES INCLUDE: Mains powered for continuous oper 
0.5” LED 12 hour display. 
Day of wook, am/pm and output status indicators, 
4 zoro voltage switched mains outputs, 
50/60Hz mains operation, 
Battery backup saves stored programmes and continues 
time keeping during powor failures. (Battery not supplied). 
Display blanking during power failure to conserve battery power. 
18 programme time sots. 
Powarful “Everyday” function enabling output 
to switch every day but use only one time sot. 
Useful “sleep” function-turns on output for one hour. 
Direct switch control enabling output to be turned on 
immediately or after a spocified time interval. 
20 function keypad for programme entry. 
* Programme vorification at the touch of a button, 


(Kit includes all components, PCB, assembly 
and programming instructions). ORDER AS CT5000 


For a detailed booklet on 
remote control — send us 30p 
and S.A.E. (6” x 9’’) today. © 


Mo wored for peration = eingle Ghannel, for applications such as burglar 
rms, automatic door openers, etc. Range approx. 6 ft. x 

MKq7 12V de. IR RECEIVER wan ee 

may be used as 

£9.50 


|, No. triac supplied. £2.60 
ELAY. 


Comprises 2 x solid state relays and latch for use with momentary 
version of the MK12. 2 output triacs required (not supplied). £4.50 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


‘Switches any appliance up to 1kW 
‘on and off at present timos once per 
day. Kit contains: AY-5-1230 IC, 
0.5" LED display, mains supply, 
display drivers, switches, LEDs, 
triacs, PCBs and full instructions. 


CT1000K Basic Kit 
CT1000K with whit 
(Ready Built) 


Add 5p postage & packing +15% VAT to total. 
Overseas Customers; 
Add £2.50 (Europe), £6.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 


OPE 9am to Spm (Mon to Fri) 


10am to 4pm (Sat) 


ALL PRICES 
EXCLUDE VAT 


CAR 
IPARK 


ELECTRONICS 


11 Boston Road 
London W7 3SJ 


id NOLSOS 


ACCESS 
‘and 
BARCLAYCARD 
wolcome 


TEL: 01-567 8910 ORDERS 
01-579 9794 ENQUIRIES 
01-579 2842 TECHNICAL arter 3PM 
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AMBIT international 


200 North Service Rood, Brentwood, Essex 


TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM144SG 


20 CHATHAM STREET, 
RAMSGATE, 


¢ [| S KENT CT11 7PP. 
WH Tel. Thanet 54072 


We stock a vast range of components for the amateur 
and professional engineer 


ANNLEY ELECTRO 


190 Bedminster Down Road 
Bedminster Down, Bristol BS13 7AF 
Tel: 0272 632622 


Open: Mon-Sat 9 am-6.30 pm 


DOUGLAS ELECTRONIC COMPONENTS 
90 Wellington Street, 
Stockport, Cheshire. SK1 3AQ 


Tel:061-480 8971 


ELECTRONIC TEST EQUIPMENT SPECIALISTS 


301 EDGWARE ROAD, LONDON 2W 1BN 


Tel. 01 724 3564 
Open 6 days a week 


ELECTRO SUPPLIES 


WHOLESALE & TRADE COUNTER RETAIL SHOP 
BOWNESS MILL -SHAWCLOUGH RD. 6A, TODD STREET 
WATERFOOT - ROSSENDALE MANCHESTER 


(Next to Victoria Station) 
TEL: 061-834 1185 


LANCS 
TEL: ROSSENDALE 215556 


ELECTRONIC COMPONENT DIS’ 


301 EDGWARE ROAD, LONDON 2W 1BN 
Tel. 01724 3564 


28K Gt. dudes Red, Rowe 
(STD 


Also in Manchester for pers 
Burn 


Computing Shop North: ~ 
‘700 Purnage Lane, Manchester Telephone 061-431 4966 


CARDIGAN ELECTRONICS 
Chancery Lane, Cardigan, 
Tel: Cardigan (0239) 614483 


Open: Mon-Sat 10am-5pm. Closed Wed. 
Electronic components & 
BBC computer stockist. 


EMOS 


High March, Daventry, Northants NN114HQ. 
Tel: 03272 5523 Telex: 311245 GRENEL G. 


WHOLESALE ELECTRICAL SUPPLIES 
INDUSTRIAL AND DOMESTIC 


Palladium House 


GARLAND BROS. LTD 


Electronic Components Specialists 


Chesham House, Deptford Broadway, London, 


ray 
OF 
= 
35 
se 
On 
Zo 
zz 
3a 


ELECTRONIC COMPONENTS 


TRADING IN SUCCESSION TO 
A. MARSHALL (LONDON) LTD. 


Boundary Road StHelens Merseyside WA10 2LL SE8 40N 

Telephone 0744 27873 or 20030 Telephones) 015802 Bni2: 
CRICKLEWOOD ELECTRONICS LTD. hae 
STOCKING PARTS OTHER STORES CANNOT REACH! L | eo we 
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. ole 8 sos? gn 
TEL: 01-4520161 Telex: 914977 oe a? 

gop 
& SEMICONDUCTOR SPECIALISTS HANNEY we RN wv 
‘\ Roh POS 


CRYSTAL 
ELECTRONICS 


209 Union Street, Torquay, Devon. 
Tel. Torquay 22699 


404 Edgware Road, q 


i A 
London W2 1ED, 
ENRLS arts 
| Telex 262284 - 
Monoref 1400 

TEST EQUIPMENT & COMPONENTS 
Transistors, |Cs, Capacitors, Semi-conductor, Resistors, 
Relays, Potentiometers, Presets, Trimmers, Rectifiers, Zeners, 
SCR, Triacs, etc. 


il} 
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TRY US FIRST 
for all 
ELECTRONIC COMPONENTS AND GENERAL 
ELECTRICAL SUNDRIES 


J.T. FILMER 


82 DARTFORD ROAD DARTFORD 
Telephone: 24057 


PROGRESSIVE RADIO 


‘THE ELECTRONICS SPECIALISTS’ 
Aerials/Components/Ham & CB Radio — a fully comprehen- 
sive range. 

93 Dale Street, Liverpool L2 2JD. 

Tel. 051 236 0982 

Also at 47 Whitechapel, Liverpool. 

Tel. 051 236 5489 


Lightning Electronic Components 


a) 156 Merton Road, 
Lene ee H 
{8 Victoria Road, Tamworth, Staffs. B79 7HR Tel. 0827 65767 = pout Wimbleden: 
A huge selection of electronic = B Tel. 01 5426525 
components available to callers at our Te} 
showroom or through our express = EXTENSIVE RANGE 
postal service. o OF COMEON ENTS 
Retail and trade supplied. S. 
a} 
16 Brand Street, H D EHI Supply 
HEMMINGS {i LL sin 
SG5 1JE. 7 
Z Tel. 0462 33031 53 Shudehill, Manchester M4 4AW. 
Shop opening hours: nf ie ‘4 F 
Mon to Fri le stock a wide range of components 
Boo 6.30pm ELECTRONICS te Olean erwecel 
at 9am to Spm Electronic Components & Microcomputers 
Wed closed Tel. 061 834 1449 
pire| 
iy, eI Ce Dist NC is 
letronie Component Dinvibutors 
Srpuan pana ANY a 
WVarshalls SSO nas cx Wee. aes" iene 
e) COMPONENTS, 
Judge us by the company we keep — A oO Ay) 
Siemens, Texas, National, Mullard, Leader, ITT, c? Fal yn TEST EQUIPMENT, ELEKTOR 
Global Specialities, Piher, Sinclair/Thandar, Greenwood, Ve PCBS AND BOOKS TECHNICAL BOOKS, 
Arrowndniegys (fam ayere) Motorola Be ovorieio RO SALFORD TEL: 061 8944589 
— 


MmAapuNn 


ELECTRONIC WPPLIES LTD 


P.O, Box 3, Rayleigh, Essex SS6 8LR. Telephone: Southend (0702) 552911/554155, 

Shops at: 159-161 King Street, Hammersmith, London W6 Tel: (01) 7480926 
Lynthon Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 
284 London Road, Westcliff-on-Sea, Essex, Tel: (0702) 554000 


WAVEBANDS 


103 Coventry St. Kidderminster (0562) 2179 
For all your components requirements 
Same day despatch of all orders available from stock 
Catalogue now available for only £0.50p 


All shops closed Mondays 
369, ALUM ROCK ROAD 
BIRMINGHAM B8 3DR 


P.A.T.H r TEL: 021-327-2339 
Electronic Services 


A vast choise of components for the electronics 
hobbyist and the professional. 
Callers most welcome. 


ER UAING| ELECTRONICS] 


SPECIALIST REPAIR, DESIGN & CONSULTANCY 
FOR ALL TYPES OF ANALOG & DIGITAL SYSTEMS. 
20 A EDWARD STREET, BIRMINGHAM B1 2RX 


Tel: 021-236 5036 


poeacs 


the world of electronics 

FOR COMPUTERS, ELECTRONIC 
AND VIDEO GAMES, COMPONENTS. 
(ATARI SPECIALISTS) JIN 


STEVE’S ELECTRONICS 
SUPPLY COMPANY 


45 Castle Arcade, Cardiff CF1 2BU, Wales. 
Tel. 0222 41905 


T. POWELL 


311 EDGWARE ROAD, LONDON W2. TELEPHONE 01 723 9246 
Shop hours: Mon. to Sat. 9a.m. — 6p.m. 


11 Boston Road, London W7 3SJ 


ELECTRONICS® 


Just phone 01 5-6-7 8-9-10 
24 hour answering service 


KITS, RESISTORS, SEMI-CONDUCTORS, CAPACITORS, 


LINEAR & DIGITAL ICs, HARDWARE, TOOLS, BOOKS. 
ACCESS and BARCLAYCARD welcome 
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DOUGLAS ELECTRONIC COMPONENTS 
90 Wellington Street, Stockport, Cheshire. SKI 3AQ 


BOOKS - CROSSOVERS - CABLE - COMPONENTS - 
CONNECTORS - DECKS FUSES - HEADPHONES - 
7 LEADS MICROPHONES - MULTIMETERS - PROJECT 
BOXES - SOLDERING IRONS SPEAKERS - STYLI & 
CARTRIDGES TOOLS - VEROBOARD ETC. 


Tel:061-480 8971 
D.R. & J.G. 


32 High Street 
Burnham: Bucks 


Thames Valley 
\(06286)65882 


for ALL your component requirements T= 


when ordering goods or 
requesting information 
from advertisers. 


Please mention 


elekitor 
INTERNATIONAL 


TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, 
Banstead, Surrey SM7 3NB, Tel. 073 73 54474 


AUSTRALIA 


FRANK MATHIAS 

715 George Street 

(opp. Rawson Place) 

Sydney 2000 

Australia 

Tel, 211 - 5003 

(Elektor magazine, back issues and books 
only are available) 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de |‘Heleport 
1000 Bruxelles 

Tel. 02 2182640 

Telex 26061 


DENMARK 


BN ELEKTRONIK 
Haraldsgade 69 

DK 2100 K¢benhavn 
Tel. 01 18 20 02 
Telex 27255 bnelco dk 


BN ELEKTRONIK 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 

Tel. 02 88 1900 


DANSK MINI RADIO 
Nr. Farimagsgade 

57 59 

1364 Copenhagen K 


FREDERIKSHAVE HOBBY 
ELEKTRONIK 

9 Havnegade 

900 Frederikshavn 


HELMHOLT ELEKTRONIK 
Farvervej 2 

DK-7600 Struer 

Tel. 07-85 26 11 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 
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LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 


AAGE NIELSENS EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 

Tel. 01393010 

Telex 27590 AANIL 


ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


FINLAND 


AMERTRONICS OY 
Vesijarvenkatu 33 
SF - 15140 Lahti 14 
Finland 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 

SF - 70100 Kuopio 10 
Tel. 971 - 117667 


ICELAND 


SAMEIND HF 
PO Box 7150 
Grettisgata 46 
127 Reykjavik 
Iceland 

Tel. 91 - 21366 


INDIA 


PRECIOUS ELECTRONICS 
CORPORATION 

3 Chunam Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel. 367459/369478 

also at 

9 Athipattan Street 

Mount Road 

Madras 600 002 

Tel. 842718 


INDONESIA 


INEL CO, 

Jin. Aceh No, 61 
Bandung 

Indonesia 

P.O. Box 398 

Tel. Bandung 59544 


ISRAEL 


ZUR ELECTRONIC 
CENTER LTD. 

1 Hagidem Streer 
Menora Square 
Jerusalem 


DIFFUSION DU LIVRE 
FRANCAIS LTD. 

Boite Postale 3172 

35 Rue Rashi 

Tel. Aviv 

Tel. 289075 


“YAIR” 

1, Hahashmal St. 
P.O, Box 1941 

Tel Aviv 61019 

Tel. 624057/624398 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC, 


P.O. Box 606 
Hamilton 


NORWAY 


BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 

N-3160 Stokke 

Tel. 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt. 14-15 

Oslo 5 

Tel. 02 679050 


SCANELCO A/S 
P.O. Box 53 
N-5047 Stend 
Tel. 05 276885 


PORTUGAL 


TABACARIA BRITANICA 
Praca do Duque da 
Terceira, 19 

1107 Lisboa Codex 

Tel. 324752 


SINGAPORE 


DEVICE ELECTRONICS 
(PTE) LTD. 

104 - 1st Floor 

Singapore Electrical and 
Electronics Hardware Centre 
Maude Rd./Kitchener Rd, 
Singapore 0820 

Tel, 2986455 

Telex. No, 33250 


SWEDEN 


COILTRONIC 

Box 38 

183 21 Taby 

Tel. 08 768 3261 
Telex 15326 Elektet 


DATA SELECT 
ELECTRONICS 


Box 146 
S- 183 22 Taby 
Tel. 46 762 514 16 


INKO'X AB 
Box 1057 
721 27 Vasteras 


JOSTY KIT, AB 
Box 3134 
200 22 Malmé 3 


KITEL DISTRIBUTION 
Box 6047 
S-162 06 Vallingby 


MICRO KIT 

Box 8060 

S-720 08 Veasteraas 
Tel, 021117079 


TURKEY 


ABC KITABEVI 
Tune! Meydani 1 
Beyoglu 
Istanbul 

Tel. 442581 
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PROJECTS 
RS 232C Compatible Acoustic 


Telephone Modem ..........2205 83011 P.O.A. 

Talking Board... . . TMS5100 £ 78.00 

£194.35 

82020 85.50 

perer - 9823 15.00 

loniser Case... . 5 8.00 

Humidity Sensor . . 81567 15.00 

Pest Pester - 80130 6.00 

Metal Detector Kit (Complete) . 82021 119.60 
Casework only . 82021A 


. MD1 
82021B 
82021C 
. 81143 

- 81012 

. 81155 


Meter 

Head only . 

Head & Pole Set 

T.V. Games Extended .... 
Disco Ceiling Lights . 

Disco Light Controller... . 

LCD Frequency Counter 

Elektor, Boards, Books & Software 
Test Equipment, CB and accessories — send s.a.e. for details. 


Legal CB and accessories 


HH hhM Mh hmmm mhmhm 
2 
2 
i=} 
rc) 


Aerials - Mobile: Ma 
AV241T . 


HMM hhmhhhh 


Base: G-Force .. 

Wot Pole. . 
SWR Meters: PAN 420 10.02 
AltaiSWR1-A .... 9.57 
RowerSupply:SisiSiAe 6.3.5 2 w ietenies «592 9 Gwar 14.21 


Other Elektor Kits stocked, write or phone to check availability. 
N.B. Power supplies & Cases not normally supplied with kits. 
All above price include VAT, Postage and Packing. 


READERS’ 


D.R. & JI.G. TAYLOR 


24 Beckenshaw Gardens, Woodmansterne, Banstead, Surrey SM7 3NB, Tel. 073 73 54474 


THE ELEKTOR 
METAL DETECTOR 


Kit no. 82021. An advanced metal detector 

available in kit form to the home construc- 
tor. Professional quality ABS vacuum 
formed case, complete with 10’ ready set 
up and foamed search head. This kit can be 
constructed easily in a few hours. High per- 
formance specification includes phase locked 
locp oscillator and discriminator circuitry 
giving four reject modes with ground Ay 
effect elimination. 


40p for reprint of Elektor Projects 
35p for 82021 Circuit Modifications only 
Allow 28 days for delivery. 
Hours of Business Mon. - Frid. 9.30 to 5.30 
Payment with order, cheque/P.O. only to 
D.R. & J.G. Taylor No 2 Business A/C 


CLASSIFIED 


ADS 


We invite our readers to 


insert advertisements into 
our ‘Classified Section’. 


If you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 25p 
per word. Minimum charge 
is £3.00 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 
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Many Elektor circuits are accompanied by designs for 
printed circuits, For those who do not feel inclined to 
etch their own printed circuit board, for their own 
use only, a number of these designs are available as 
ready etched and pre-drilled boards. Delivery time is 
approximately three weeks, U.K. /air mail. 


Example: 


digisplay (E13) 9376 3.25 7.25 
1 2 3 4 5 


1, Circuit title 

2. reference to associated article(s) 

3. board number 

U.K: 

4. price (in £) inclusive of 15% VAT 
U. . and Canada: 

5. price in $, not including tax (if any) 


€ $ 

£26: JUNE 1977 
formant: keyboard 

interface (E25) 9721-1 3.35 8— 
£29: SEPTEMBER 1977 
formant(E25, £26): 

interface receiver 9721-2 1.40 3.50 

power supply 97213 5.50 13.— 

keyboard divider 

(one octave) 9721-4 1.30 3.— 
£31: NOVEMBER 1977 
formant (E25... . £30): 

vco 9723-1 9.90 23.50 
experimenting with the SC/MP: 

RAM-1/0 9846-1 6,90 16.50 

SC/MP board 9846-2 2.60 6— 
£32: DECEMBER 1977 
formant (E25... E31): 

VCF 9724-1 4.35 10.60 
experimenting with the 

SC/MP (E31): CPU 9851a 1290 31.— 
£33: JANUARY 1978 
simple function generator 9453 3.25 8.— 
formant (E25 . .. £32): 

ADSR 9725-1 4.20 10,.— 
UAA 180 LED voltmeter 

(two boards) 9817 2.70 6.50 
experimenting with the 

SC/MP (E31, E32): 

bus board (E67) 9857 4— 9.50 

memory card 9863 1260 © 30.— 
E34: FEBRUARY 1978 
formant (E25 ... £33): 

DUAL-VCA 9726-1 4.35 10.60 
experimenting with the 

SC/MP (E31... £33): 

HEX-1/0 9893 18.20 43.50 
E35: MARCH 1978 
formant (E25... E34): 

LFO module 9727-1 4.60 11.— 

noise module 9728-1 4.— 9.50 
4k RAM card 9885 14.70 35. 


E36: APRIL 1978 
formant (E25... E35): 


COM 9729-1 4— 9.50 
elektornado 9874 3.55 8.50 
cassette interface 9905 3 = 
£38: JUNE 1978 
mini-counter 9927 3.15 7.50 
£39/40: SUMMER CIRCUITS 1978 
preconsonant 9954 2.25 5.50 
£41: SEPTEMBER 1978 
formant 

24 dB VCF 9953-1 4.10 10.— 
£42: OCTOBER 1978 
resonance filter module 9951 445 10.50 
VHF/UHF modulator 9967 1.55 4— 
£43: NOVEMBER 1978 
ASCII keyboard 9965 7.70 18.50 
£44; DECEMBER 1978 
elekterminal 9966 7.50 18.— 
E48: APRIL 1979 
TV games computer: 

UHF/VHF modulator 

(see E42, October 1978) 9967 1.55 4— 

main board and 

documentation 79073 19.95 47.50 

power supply 79073-1 2.45 6.— 

keyboard p.c.b. 79073-2 3.65 8.50 


add $ 1.50. 
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Complete set of four boards 
(9967, 79073, 79073-1, 
79073-2), documentation 
and one ESS software 


record (ESS 006): 26.25 
£49: MAY 1979 
Interface for uPs 79101 1.40 
E50: JUNE 1979 
stereo decoder 79082 2.40 
E53: SEPTEMBER 1979 
Parametric equaliser, 
filter section 9897-1 1.65 
tone control section 9897-2 1.65 
E55: NOVEMBER 1979 
topamp 80023 1.45 
E56: DECEMBER 1979 
SEWAR 80009 2.85 
steam train 80019 1.90 


E57: JANUARY 1980 

digital tuning scale 
(two boards) 80021-1/2 7.05 

new bus board (E33) 800245. 


E58; FEBRUARY 1980 


aerial amplifier 80022 1,85 
elektor vocoder, 
bus board 1 80068-1 9.90 
bus board 2 80068-2 ‘ 
filter board 80068-3 3.45 
input/output board 80068-4 3,20 
supply board 80068-5 2.85 
E59: MARCH 1980 
chorosynth 80060 22.15 
E60: APRIL 1980 
aide-de-camp: 12V/2A 7043B 1.10 
transistor ignition 80084 3.90 
E61: MAY 1980 
BASIC cassette interface 80050 5.60 
PWM amplifier 80085 1.50 
Junior computer: 
main board 80089-1 12.60 
display board 80089-2 1.30 
supply board 80089-3.  3,— 
63/64: SUMMER CIRCUITS 1980 
STAMP amplifier 80543 1.40 
PROM programmer 80556 3.85 
E65: SEPTEMBER 1980 
8K RAM+EPROM card 80120 13.15, 
£67: NOVEMBER 1980 
central heating pump 
control 81019 2.55 
fridge alarm 81024 1.45 
E69: JANUARY 1981 
big VU meter 
low voltage board 81085-1 2.30 
main board 81085-2 2.45 
£70: FEBRUARY 1981 
voiced/unvoiced detector 
detector board 81027-1 3.40 
switch board 81027-2 4.05 
£71; MARCH 1981 
MW receiver 81111 1.95 
multiple sound effects 
generator 81112 2.05 
High Com: 
2 complete modules 
(built and tested) + 
1 main board + 
self-adhesive front panel 81117-1 35.70 
power supply 81117-2 2.05 
UAA LED voltmeter 
(2 boards) 9817 2.70 
peak programme meter 9860 2— 
£72: APRIL 1981 
transistor match-maker 81123 1.75 
intelekt 81124 5.65 
universal power supply 81128 2.45 


ORDERING IN FORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank 
transfer to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 
2. For the USA only: please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prcies include post & packing, surface mail. If air mail, please 


62.50 


4.50 


E74: JUNE 1981 
Junior Computer 


interface board 81033-1 
—12V supply 81033-2 
adaptor board 81033-3 

storage scope 81141 


£75/76: SUMMER CIRCUITS 1981 
continuity tester 81151 
loudspeaker peak 

indicator 81515 
random number generator 81523 


‘hi-fi’ siren 81525 
crystal tuning fork 81541 
hi-fi preamplifier 81570 
input buffers for the 

logic analyser 81577 
£77: SEPTEMBER 1981 
TV games computer 

extension board 81143 
disco light controller 81155 
DFM + DVM 81156 
revolution counter 81171 
digital barometer 81173 
£78: OCTOBER 1981 
RF-test generator 81150 
economical fridge 

defroster 81158 
EPROM programmer 81594 
wide range dark room 

timer 82004 
shutter speed meter 82005 
LCD panel meter 82011 
£79: NOVEMBER 1981 
teletext 

decoder board 82001-2 

keyboard section 82001-3 
sine-wave oscillator 82006 
telephone amplifier 82009 
power supply 9968-5A 
mini organ 82020 
metal detector 82021 
LCD frequency counter 82026 
high boost 2029 
£80; DECEMBER 1981 
70cm transverter (Oct.) 80133 
teletext 

receiver board 82001-1 

video control board 82001-4 

VHF-UHF converter 

board 9864 
IPROM 82019 
synthesizer VCO 82027 
flashing light 82038 
capacitance meter 

module 82040 
£81: JANUARY 1982 
EPROM programmer 82010 
synthesiser VCF + VCA = 82031 
E82; FEBRUARY 1982 
synthesiser ADSR 82032 
synthesiser LFO 82033 
10 W/70 cm amplifier 82043 
teletext power supply 82065 
talking board interface 82068 
darkroom thermostat 82069 
universal NiCad charger 82070 
£83; MARCH 1982 
wind sound generator 82066 
automatic squelch 82077 
synthesiser COM 9729-1 
synthesiser power supply 82078 
bus board 82079 
DNR noise reduction 82080 
lead acid charger 82081 
£84; APRIL 1982 
dynamic RAM card 82017 
100 W amplifier 82089-1 
100 W power supply 82089-2 
2114 RAM tester 82090 
connection tester 82092 
mini EPROM card 82093 
TV sound interface 82094 
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12.50 


4.10 
4.25 
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E85: MAY 1982 
6502 housekeeper 


main board 81170-1 

display board 81170-2 
elektor artist 82014 
Z80-A CPU card 82105 
poly formant: 

debounce unit 82106 

input unit 82107 

tune shift 82108 
prop-tachometer 82116 
E86: JUNE 1982 
the ‘Poly bus’ 82110 
talking clock 82121 
compact shortwave 

SSB receiver 82122 
fluorescent tube dimmer 82128 
solid state relay 82131 
electronic dog whistle 82133 
electronic fluorescent 

light starter 82138 


£87/88: SUMMER CIRCUITS 1982 
polyformant: 


‘output unit 82111 

D/A converter 82112 
stereo power amplifier 82527 
light-sensitive switch 82528 
tape playback preamp 82539 
sound effects generator 82543 
slave flash 82549 
5V power supply 82570 


front panels for Formant (E25... E35) 
1.61 


4.05 9.50 
3.05 7.50 
10.05 24.— 
7.05 17.— 
2.45 6.— 
465 11.— 
2.75 6.50 
2.10 6.— 
3.35 8.— 
3.15 7.50 
5.— 2s 
1.60 4— 
1.55, 3.50 
1.50 3.50 
1.35 3.— 
4.70 
1.90 
1.60 
1.60 
1.60 f 
2.40 it 
1.45 3.50 
2.20 5.— 


interface 9721-1 0 
vco 9723-F 1.60 
vcr 9724-F 1.60 
ADSR 9725-F 1.60 
DUAL-VCA 9726-F 1.60 
LFOs 9727-F 1.60 
NOISE 9728-F 1.60 
com 9729-F —_ 1.60 
Complete set of 11 panels (includes 3 x VCO an 
2x ADSR): £ 15,80 or $37.50 
24 dB VCF (E41) 9953-F 1.60 
resonance filter 
module (E42) 9951-F 1.60 
45 RPM records with uP programs 
singing SC/MP: well- 
known Christmas 
melodies, both as ESS002 1.40 
SC/MP program and 
‘live’ 
NIBL-E Ess004 1.40 
for SC/MP: Luna, 
battleships, keyplay, a0 


runtext, biorhythm 
tracer, disassembler 


\ ESS 005 


4 
4 
4. 

id 
4 
4 


5.50 


E89: SEPTEMBER 1982 


rugby MSF receiver 80524 5.80 
darkroom computer part | 

keyboard 82141-1 3.75 

keyboard interface 82141-2. 2— 

display 82141-3 2.25 
gas detector 82146 1.60 
house telephone system: 

main board 82147-1  3.— 

power supply 82147-2 1.50 
three phase tester 82577 2.70 
TV games: 

‘rapid loader’ 82558-1 3.45 

EPROM plug-in board 82558-2 1.95 
£90: OCTOBER 1982 
darkroom computer part II 

light meter 82142-1 1.75 

temperature meter 82142-2 1.60 

process timer 821423 2.— 
active antenna: 

R.F. board 82144-1155 

power supply 82144-2 1.55 
digital thermometer 82156 2.15 
wave shifter for SSB: 

low frequency converter 82161-1 2.05 

high frequency converter 82161-2 2.30 
£91: NOVEMBER 1982 
model train lighting 82157 4.05 
floppy disk controller 82159 4.70 
talking dice 82160 3— 
guitar tuner 82167 2.20 
cerberus 82172 2.35 


simple function 


generator (E33, E38) 9453-F_ 2.50 
Elektor Artist (E85) 82014-F 1.70 
precision power 

supply (E92) 82178-F 1.90 
cassette with uP programs 

ti 
reversie, amazone, ESS OOF 480 
code breaker, etc. 
uP TV games: 
15 programs: invaders, 
fishing, maze adventure, ESS009 5.50 
memory, pontoon, nim, 
etc. 
uP TV games 
15 programs: aliens, 
flipper, helicopter, pilot, ESS010 5.50 


basketball, hangman etc. 


ORDERING INFORMATION Payment must be in advance. 


1. For UK and all countries except the USA: payment, incl. £ 0.50 postage and packing direct to Elektor Publishers Ltd., or via bank 


£92: DECEMBER 1982 


15.— in-car ioniser 
power supply 82162 

main board 9823 
precision power supply 82178 


triopodus electrus diclopus 82179 
crescendo 82180 


7.— £93: JANUARY 1983 
3.50 3A computer 
6.50 power supply 83002 
milli-ohmmeter 83006 
8.— crescendo 
4.50 dc. protection and 
countdown 83008 
4 NEW 
5.— £94. FEBRUARY 1983 
audio/video modulator 82190 
3.50 fuse protector 83010 
3.50 universal modem 83011 
5.— Prelude 
headphone amplifier 83022-7 
5.— power supply 83022-8 
5.50 connection board 83022-9 


Feailll| 


Tei 


nN 


transfer to The Midland Bank Ltd., Canterbury, A/C no. 11014587, sorting code 40-16-11. 


2. For the USA only: please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prcies include post & packing, surface mail. If air mail, please 


add $ 1.50. 


3.50 
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elektor february 1983 advertisement 


Classified ads advertisers__ 


2 
CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS index 

Ambit International ........ 2-08 
1. Advertisements are accepted 4. The Advertiser's full name and . 
subject to the conditions appearing address must accompany each Bi-Pak ... terete ee eee 2-09 
on our current rate card and on the — advertisement submitted. BiK.-Electronics i ic0 25 chai. 2-15 
express understanding that the 4 ae 
Advertiser warrants that the advert- The prepaid rate for Classified Ad- Cricklewood Electronics . . 2-64/2-65 
isement does not contravene any reali, is 25 pence per word 
Act of Parliament nor is it an in- minimum 12 words). Semi-display Electroni ‘| 

an : ‘ nics & Computing..... 2-62 
fringement of the British Code of setting £6.50 per single column ‘ oe ee 5 
Advertisi A fa Electronize Design ......... 2-13 

vertising Practice. centimetre (minimum 2.5 cms.). All Electrovalue . 2-11 
2. The Publishers reserve the right cheques, postal orders, etc. to be fo 
: je Fup made payable to Elektor Publishers i i : 
i . Hemmings Electronics ....... 2-10 
10. refuse or withdraw any advert Ltd. Treasury notes should always K 'g 212 
; be sent by registered post. Adver- CY AFOMIGS) sie.) censeansipetage Ey 
3, Although every care is taken, _ tisements, together with remittance, Maplin... 0. sees reese eee 2-76 
the Publishers shall not be liable for should be sent to the Classified Southern Technical Systems ... 2-66 
clerical or printer's errors or their Advertisement Manager, Elektor 
consequences. Publishers Ltd., 10 Longport, Can- D.R. &J.G. Taylor ......... 2-71 
terbury, Kent CT1 1PE. Technomatic .......... 2-02/2-07 
The Scientific Wire Company .. 2-74 
FANTASTIC OFFER. 200 assorted top ALARMS! TK Electroniesins.. ics: 2.0 eves 2-67 
specification IC's in manufacturer's tubes ! ° 
plus 10 red LED's and 2 optoisolator IC's WRITE OR PHONE FOR FREE Watford Electronics ..... 2-04/2-05 
(worth £ 2.50 alone) plus 44 page Catalogue ILLUSTRATED CATALOGUE NOW! 
no. 19 packed with thousands of bargains 
fi Fi a A.D, ELECTRONICS, DEPT. EK 
Hod with electronic and mechanical 217, WARBRECK MOOR, AINTREE R & B ELECTIQUE. 

A G 9 ki LIVERPOOL — 1N4007 . £0.06 TIP 3055 . £0.59 
Price £6.00 including VAT and postage. L9 OHV, 051 523 8440 fe BC 109C . £0.13 2N3053 . | £0.25 
J.A. CREW & CO., SPINNEY LANE, Prices each: 

ASPLEY GUISE P. { 

p JUNIOR COMPUTER for sale. CPU Board, ostage & Packing ........0 £0.50 
MIC TONEY NES Mi meiTe Interface Board, 8K + 16K Memory Board,  R & B ELECTIQUE, 

3 - t EPROM Programmer Board. Open chassis 3, Shute End, 
WANTED: Medium Wave Transmitter vari- construction, 2A PSU. £150. Wokingham, 


able frequency %- 1 kW. Phone 01 863 4848. JOHN - HORNCHURCH 58659 after 7 p.m. Berks. RG11 1BH. MAIL ORDER ONLY. 


The first electronic comic-book 


Loe mr eal laa 


CS 


OF ELECTRONI 


Excitement, entertainment, circuits. 
Complete with printed circuit board and Resimeter 


Further adventures and circuits coming soon — 
starring Resi & Transi, of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport 
Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. 


i Office hours: 8.30 - 12.30 and 13.30 - 16.30. 
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advertisement 


elektor february 1983 


FORMANT 

Complete constructional details of the Elektor Formant Synthesiser 
—comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them. 
Price -—UK ......45 £5.25 Overseas. .... sees £5.50 


SC/COMPUTER (1) 

Describes how to build and operate your own microprocessor 
system — the first book of a series — further books will show how 
the system may be extended to meet various requirements. 

Price —UK .....655 £4.45 Overseas... ... 1. es £4.70 


SC/COMPUTER (2) 


The second book in series. An updated version of the monitor 
program (Elbug I!) is introduced together with a number of expan- 
sion possibilities. By adding the Elekterminal to the system de- 
scribed in Book 1 the microcomputer becomes even more versatile. 

Pricee—UK ........ £4.75 Overseas... ....00- £5.00 


BOOK 75 
A selection of some of the most interesting and popular construc- 
tion projects that were originally published in Elektor issue 1 
to 8. 

Price — UK 


TV GAMES COMPUTER 

This book, provides a different — and, in many ways, easier — 
approach to microprocessors. The TV games computer is dedicated 
to one specific task, as the name suggests. This provides an almost 
unique opportunity to have fun while learning! 

Price—UK .....00 £5.50 Overseas..........+ £5.75 


His ia idevion “a £4.25 Overseas.......... £4.50 


book service 


— | 
gf Publishers Ly —— 


JUNIOR COMPUTER BOOK 1 


For anyone wishing to become familiar with (micro)computers, this 
book gives the opportunity to build and program a personal com- 
puter at a very reasonable cost. 

Price —-UK ......4.% £5.00 


JUNIOR COMPUTER BOOK 2 

Follows in a logical continuation of Book 1, and contains a detailed 
appraisal of the software. Three major programming tools, the 
monitor, an assembler and an editor, are discussed together with 
practical proposals for input and peripherals, 

Price -UK ......4- £5.25 Overseas........-5 £5.50 


JUNIOR COMPUTER BOOK 3 


The next, transforming the basic, single-board Junior Computer into 
a complete personal computer system. 


Overseas... . seen £5.25 


Price-UK .......- £5.25 Overseas.......... £5.50 
BOOK 4 £5.25/£5.50 
300 CIRCUITS 


For the home constructor — 300 projects ranging from the basic to 
the very sophisticated. 
Price -UK ........ £4.25 


DIGIBOOK 


Provides a simple step-by-step introduction to the basic theory and 
application of digital electronics and gives clear explanations of the 
fundamentals of digital circuitry, backed up by experiments de- 
signed to reinforce this newly acquired knowledge. Supplied with an 
experimenter’s PCB. 

Price -UK .......- £5.50 


Overseas... 1... 00, £4.50 


Overseas... 1... ees £5.75 


When ordering please use the Elektor Reader’s Order Card 
in this issue (the above prices include p. & p.) 


Nearly 400 pages of all the most useful 
components and a whole big new section 
devoted to home computers and personal 
software. As always the catalogue keeps you 
up-to-date with the latest technology — even 
our ordinary miniature resistors are now 
superb quality 1% tolerance metal film, yet 
they’re still only 2p each. As well as our usual 
quality products at low prices, now we're 
offering quantity discounts too. So pick up a 
copy of our catalogue now — it's the biggest 
and the best! 


Post this coupon now for your copy of our 1983 | 
catalogue, price £1.25 + 25p p&p. If you live outside the 
UK send £1.90 or 10 International Reply Coupons. 

| enclose £1.50. | 


2/83 
ee APO 


THE NEW 
MAPLIN 
CATALOGUE 


FOR 1983 


BRINGS YOU 


RIGHT UP- 


TO-DATE IN 
ELECTRONICS 
& COMPUTING 


_ 24 times your monthly 


Send now for an 
application form — 
it with MAPCARD. 
MAPCARD gives you real 
spending power — up to 


payments, instantly. 


P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 552911/554155 

Shops at: 

159-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926 
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 


284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000 
All shops closed Mondays 


